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(54) POLYDIALKYLSILOXANE / POLYAMIDE COPOLYMER, PROCESS FOR PRODUCING THE 
SAME, AND VARIOUS MATERIALS 



(57) A novel polydialkylsiloxane/polyamide copoly- 
mer which is excellent in biocompatibility, mechanical 
strength, and heat moldability, applicable for use in med- 
ical materials, ophthalmic materials, cosmetics, and 
electronic materials, and has a main chain represented 
by the formula (4), one end represented by the formula 
(5) and another end represented by the formula (6): 



- (NH-A-NHCO-B-CO) n 



(4) 



(6) 



wherein the ratio of -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )- 
R 1 -as A to the divalent organic group having 1 to 20 car- 
bon atoms as A is within the range of 1 :0.01 ~~ 100, and 
the proportion of X 1 and X 2 being hydrogen atoms is 
1 0% or less relative to all the end groups, a process for 
producing the same, and a variety of its uses. 



-NH-A-NHOC 
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Description 

[0001] The present invention relates to a novel po ly dial ky Is iloxane/poly amide copolymer, a process for producing 
the same, and to various materials such as ophthalmic materials such as contact lenses and intraocular lenses, medical 
5 materials such as antithrombotic materials, and a variety of cosmetic compositions or electronic materials formed with 
the copolymer. 

[0002] Siloxane polymers typified by polydimethylsiloxane have excellent biocompatibility, gas permeability, and oth- 
er functions, and their various uses in the medical field have been awaited, some of which have been brought into 
practice. However, conventional siloxane polymers have a problem in strength and therefore their uses are limited. 
10 [0003] Under the circumstances, polymers having both an alkylamide group excellent in strength, particularly an 
aramid segment such as an aromatic polyamide (aramid), and a siloxane segment excellent in biocompatibility and 
the like are now under development. 

[0004] For example, there has been proposed a complexed polymer formed by copolymerizing a siloxane polymer 
with aramid (Japanese Patent Application Laid-Open No. Hei 1-12384), andthere have been disclosed that this polymer 
15 serves as an excellent biocompatible material (Japanese Patent Application Laid-Open No. Hei 2-203863 and Japa- 
nese Patent Application Laid-Open No. Hei 5-28521 6) and that this polymer can be utilized as a contact lens material 
(Japanese Patent Application Laid-Open No. Hei 6-313864). 

[0005] According to the production method of the siloxane/aramid copolymers, such copolymers appear to be a 
material in which at least dozens of percentages of free amino groups remain at its ends. Moreover, since the aramid 
20 segment of the siloxane/aramid copolymer dissolves in a limited variety of solvent systems, the biocompatibility test 
which is carried out on each of these copolymers provides nothing but the evaluation results of the film molded therefrom 
according to the solvent casting method in which a solvent such as N, N-dimethylacetamide (hereinafter, abbreviated 
as DM Ac), dimethylformamide (hereinafter, abbreviated as DMF), or the like is employed. 

[0006] Generally, a molded article obtained according to the solvent casting method is made almost free from solvent 

25 by being subjected to a solvent-removing treatment comprised of heating the article to the glass transition temperature 
of the polymer or higher and lowering the pressure. However, when a solvent like DMF or DMAc having a high polarity 
and a relatively high boiling point is employed, removing the solvent to such an extent as is considered to be non- 
problematic in terms of the use as a medical material is extremely difficult. Therefore, for use as a medical material, it 
would be desirable that a copolymer is heat-mo I dable without using a solvent, and the copolymer is required to have 

30 a sufficient thermal stability. 

[0007] However, the heretofore suggested complexed polydialkylsiloxane/polyamide copolymer formed by block- 
copolymerizing a siloxane polymer with aramid has a problem that, when heated to a certain temperature to evaporate 
the solvent completely or examine its fluidity upon heating after having been molded by the solvent casting method, it 
turns pale yellow and further browns. In addition, there is a problem that, due to crosslinking reaction, an attempt to 

35 dissolve the heat-dried copolymer in the same solvent again will result in failure. Furthermore, it has come to be known 
that there is a problem that heating the copolymer to high temperatures causes its liquid siloxane component to de- 
compose and elute. Therefore, when heat-molding such polymer, sufficient care must betaken over the temperature 
control, heating time and the like. Further, such polymer is inapplicable to ophthalmic or medical materials, for not only 
is such polymer difficult to heat-mold, but also heat treatment for removing the solvent inevitably incorporated therein 

40 is arduous. 

[0008] Surface and Interface Analysis, Vol. 10, p416 -423 (1987) and Surface and Interface Analysis, Vol. 13, p233 
- 236 (1998) report that plasma irradiation is carried out to render the surface of a contact lens made of an acrylate 
polymer having a siloxane side chain hydrophilic. Polymer Journal, Vol. 42, p841 - 847 (1985) also reports that a 
silicone rubber contact lens is subjected to plasma irradiation thereby to make its surface hydrophilic. However, there 
45 exists a problem that, even after such treatment, it is difficult for the lens to retain its hydrophilicity over a long period 
of time and that adhesion of protein onto the lens surface becomes considerable. 

[0009] In Polymer Journal, Vol. 20, p485 - 491 (1 988), it is reported that, as can be understood from the fact that the 
gas permeability of polydimethylsiloxane is not adversely affected even if it is subjected to electron beam irradiation 
at a dose of 80 Mrad, electron beam irradiation at a dose of 80 Mrad or so does not cause neither crosslinking nor 
so decomposition in the chemical structure. On the other hand, in Adhesion, Vol. 34 p201-209 (1991), it is reported that, 
as a result of the swellability (solubility) test made on polydimethylsiloxane irradiated with an electron beam, poly- 
dimethylsiloxane was completely dissolved at 20 KGy (= 2 Mrad) or less and that crosslinking was observed at 50 KGy 
(= 5 Mrad) or more. The publication also says that such electron beam irradiation raises the storage modulus (G*) and 
loss modulus (G"). 

55 [0010] These publications referred only to energy beam irradiation of siloxane polymers, and none of them touched 
on improvements in physical properties resulting from energy beam irradiation of a molded article of the polydialkylsi- 
loxane/polyamide copolymer. 

[001 1 ] The above-mentioned polydialkylsiloxane/polyamide copolymer is what is constituted of siloxane chains into 
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which, mainly for supplementing strength-related drawbacks of a siioxane polymer, aramid segments have been intro- 
duced as mutti blocks. As compared to a molded article which is exclusively made of a siioxane polymer, its molded 
article fabricated by the solvent casting or heat-molding method has a largely improved strength as it is, which is due 
to the interaction between the aramid segments. However, with respect to the influence the aramid segment to siioxane 
5 segment ratio of the polydialkylsiloxane/polyamide copolymer exerts, its strength owing to aramid and such functions 
as oxygen permeability and biocompatibility due to siioxane are in a trade-off relation. Therefore, when aiming for a 
still higher, well-balanced performance, its physical properties need to be improved not by varying the ratio but by other 
means. 

[001 2] A polyamide, due to its amide bonding, shows relatively good hydrophilicity. However, it has been known that, 
10 when a polyamide is complexed with a siloxane-type polymer as in the case of a polydialkylsiloxane/polyamide copol- 
ymer, the resulting material will be highly hydrophobic, which is because the mobility of its siioxane segments at the 
molecular level is good and thus the surface of the material is covered by the siioxane segments. Although not all the 
medical materials are required to be hydrophilic and whether hydrophilicity is a requisite or not depends on the intended 
use, for example, contact lens materials need to be hydrophilic in view of not only a good fit to the eye but also the 
15 prevention of a lens from, as a result of a long-time wear, clinging to the cornea of the eyeball. To give an example, 
silicone elastomer contact lenses have once been put into practical use, which resulted in failure because their hy- 
drophilicity was insufficient. 

[0013] Thus, for expanding the uses of a molded article of a highly hydrophobic polydialkylsiloxane/polyamide co- 
polymer, it is necessary to impart hydrophilicity to the surface thereof. However, nothing has been heretofore proposed 

20 to improve the hydrophilicity of polydialkylsiloxane/polyamide copolymer molded articles. 

[0014] On the contrary, copolymers having a phosphorylcholine derivative group have been studied from various 
aspect because of their excellent contamination resistance, hydrophilicity, and biocompatibility. For example, there 
have been known a process for providing a copolymer by copolymerizing a monomer having a phosphorylcholine 
derivative group, a process comprising coating a copolymer having the above-mentioned functional group onto a sub- 

25 strate, and a process comprising chemically bonding a copolymer having the aforementioned functional group to a 
material having a reactive group (Japanese Patent Application Laid-Open No. Hei 3-39309, Japanese Patent Publi- 
cation No. Hei 6-502200, Japanese Patent Application Laid-Open No. Hei 5-70321, Patent No. 2593993, Japanese 
Patent Application Laid-Open No. Hei 9-3132, Japanese Patent Publication No. Hei 7-502053, Japanese Patent Ap- 
plication Laid-Open No. Hei 5-1177119, Japanese Patent Application Laid-Open No. Hei 4-283653, "Y. Iwasaki, K. 

30 Ishihara, N. Nakabayashi, C. Khang, J.H. Jeon, J.W. Lee, and H.B. Lee, J. Biomater. Sci., Polym, Edn., 9(8), p801 - 
816 (1998)"). 

[0015] However, that it is possible to bond a copolymer having the aforementioned functional group to a polydialkyl- 
siloxane/polyamide copolymer chemically by coating the latter on the former is not known. 

[001 6] Further, in the synthesis of a polydialkylsiloxane/polyamide copolymer, solvents such as pyridine, ethers such 
35 as dioxane and tetrahydrofuran and dimethylfprmamide are the only solvents that have been proposed for the case of 
the use of a dicarboxylic compound and a diamino compound as starting materials (Japanese Patent Application Laid- 
Open No. Hei 6-329791 , Japanese Patent Publication No. Hei 1-23490, Japanese Patent Application Laid-Open No. 
Hei 7-292342). Chloroform is the only heretofore proposed example of a solvent for use in the case where a dicarboxylic 
acid chloride and a diamino compound are employed as starting materials (Japanese Patent Publication No. Hei 
40 1 -23490, Japanese Patent Application Laid-Open No. Hei 1 -1 23824, Patent No. 2743432, Japanese Patent Application 
Laid-Open No. Hei 6-313864, Japanese Patent Application Laid-Open No. Hei 5-28521 6, Japanese Patent Application 
Laid-Open No. Hei 7-292342, Japanese Patent Application Laid-Open No. Hei 11-80360). 

[0017] An intraocular lens, an example of the ophthalmic material, is a substitute for a crystalline lens which, for a 
variety of causes, suffers from cataract and became turbid. Recent operations for cataract have undergone improve- 
rs ments, utilizing the combination of phacoemulsification through a small incision and an intraocular lens made of a soft 
material. 

[0018] By the way, intraocular lenses each constituted of a soft optical member and a plurality of fixation members 
for holding the optical member include three-piece ones and one-piece ones, and they are classified according to how 
the optical member and the fixation members, which are made from different materials, are connected. Further, in 
so recent years, an intraocular lens being the integrally molded article of an optical member and fixation members, a so- 
called plate lens, has become known. 

[001 9] Unlike in the case of a conventional hard lens made of PMMA, a flexible lens cannot be subject to mechanical 
processing such as cutting or grind, because of softness of the material. Therefore, the optical member is made by 
the cast mold method in which an optical member molding material being for example a monomer, prepolymer, or 
55 oligomer is polymerized within a mold. Moreover, there is a problem that, when attaching the fixation members to the 
optical member, a technique other than conventional ones must be employed because it is also impossible to make 
pores in the optical member mechanically. 

[0020] It is an object of the present invention to provide a novel polydialkylsiloxane/polyamide copolymer which is 
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excellent in biocompatibility, mechanical strength, and thermal moldability and usable in a wide range of medical, 
ophthalmic, cosmetic, or electronic materials, and a process for producing the same. 

[0021] It is another object of the present invention to provide a molded article which is excellent in biocompatibility, 
mechanical strength, and thermal moldability, substantially free from a solvent inevitably incorporated therein in the 
5 course of production, capable of keeping its transparency, and usable in a wide variety of medical, ophthalmic, cosmetic, 
or electronic materials. 

[0022] It is another object of the present invention to provide an ophthalmic material such as contact lenses and 
intraocular lenses or a medical material such as antithrombotic materials which is excellent In biocompatibility, me- 
chanical strength, thermal moldability, and hydrophilicity, substantially free from a solvent inevitably incorporated there- 
to in in the course of production, and capable of keeping its transparency. 

[0023] It is still another object of the present invention to provide a cosmetic composition which, when applied onto 
the skin, shows excellent water resistance, oil resistance, durability, and ultraviolet ray blocking properties, has an 
excellent capability of keeping the shape of for example hair, and is usable in a variety of cosmetic products. 
[0024] It is still another object of the present invention to provide an electronic material which is excellent in optical 
15 characteristics such as transparency, thermal moldability, and mechanical properties, shows insulation performance, 
and is usable in the electric, electronic, and optical device fields. 

[0025] The inventors of the present invention made intensive studies to achieve the above-mentioned objects, and 
finally found that a novel polydialkylsiloxane/polyamide copolymer possessing excellent biocompatibility and high-level 
gas permeability together with high mechanical strength wherein such a reaction as crosslinking or decomposition 

20 which is caused under chemical, thermal, or mechanical stress with its amino, carboxylic acid chloride, or carboxylic 
acid group as an active site is inhibited from occurring. The copolymer can be obtained by reacting a siloxane oligomer 
having amino groups at both ends, an aromatic diamino compound, an aliphatic diamino compound, and an aromatic 
dicarboxylic acid chloride or aliphatic dicarboxylic acid chloride in a suitable ratio and reaction order, acylating part or 
all of the amino groups remaining at ends of the resulting copolymer, and carrying out alkylamidation, or by reacting 

25 with a compound having a hydroxyl group and/or an amino group after the dicarboxylic acid chloride has been reacted. 
The present invention was completed based on this finding. 

[0026] Moreover, they also found that a copolymer of high transparency and excellent thermal moldability can be 
obtained through the use of, as a polymerization solvent to be employed in the synthesis of a polydialkylsiloxane/ 
polyamide copolymer, a solvent selected from the group consisting of dimethylf ormamide, dimethylacetamide, tetrahy- 
30 drofuran, dioxane, diglyme, acetonitrile, dimethoxyethane, acetone, methyl ethyl ketone, methyl acetate, ethyl acetate, 
and a mixture thereof. The present invention was completed based on this finding. 

[0027] Further, they found that a molded article made of this novel polydialkylsiloxane/polyamide copolymer is stable 
against mechanical stress, has an enhanced stability against deterioration with time, and is largely improved in color 
change resistance and anti-degradation properties, and that it is easy to render this molded article hydrophilic. The 
35 molded article, ophthalmic material, medical material, and electronic material of the present invention were completed 
based on this findings. 

[0028] Furthermore, the inventors found that cosmetics incorporating this novel polydialkylsiloxane/polyamide co- 
polymer or its molded article show excellent water resistance, oil resistance, durability, and ultraviolet ray blocking 
properties and are effective in keeping the shape of for example hair. The cosmetic composition of the present invention 
40 was completed based on this finding. 

[0029] According to the present invention, there is, provided a polydialkylsiloxane/polyamide copolymer obtained by 
polymerizing 

an amino compound represented by the formula (1) and having amino groups at both ends and a dialkylsiloxane 
45 chain: 

H 2 N-R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 -NH 2 (1) 

50 wherein R 1 represents a divalent organic group having 1 to 1 0 carbon atoms, R 2 and R 3 are the same or different, 

each representing an organic group having 1 to 7 carbon atoms, and n 1 denotes an integer of 5 to 200, 
a diamino compound represented by the formula (2): 



55 



H 2 N-A 1 -NH 2 (2) 



wherein A 1 represents a divalent organic group having 1 to 20 carbon atoms, 
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10 



and a dicarboxylic acid chloride represented by the formula (3): 

CICO-B-COCI (3) 
wherein B represents a divalent organic group having 1 to 20 carbon atoms 

to give a polydialkylsiloxane/polyamide copolymer (A) containing amino groups at the ends thereof in which the 
ratio of -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - to -A 1 - is within the range of 1 :0.01 ~ 1 00, and reacting the copolymer 
(A) thus obtained with an acyl chloride having 2 to 8 carbon atoms. 

[0030] Moreover, according to the present invention, there is provided a polydialkylsiloxane/polyamide copolymer 
obtained by polymerizing 

an amino compound represented by the formula (1) and having amino groups at both ends and a dialkylsiloxane 
15 chain, 

a diamino compound represented by the formula (2), and 

a dicarboxylic acid chloride represented by the formula (3) to give a polydialkylsiloxane/polyamide copolymer (A) 
containing amino groups at the ends thereof in which the ratio of -R 1 -(Si(R 2 )(R 3 )-0)n 1 -Si(R 2 )(R 3 )-R 1 -to-A 1 -is within 
the range of 1 :0.01 - 100, reacting the copolymer (A) thus obtained with a dicarboxylic acid chloride represented 
20 by the formula (3), and then with a compound selected from the group consisting of a monovalent hydroxyl group- 

containing compound having 1 to 8 carbon atoms, a monovalent amino group-containing compound having 1 to 
8 carbon atoms, and a mixture thereof. 

[0031 ] Furthermore, according to the present invention, there is provided a polydialkylsiloxane/polyamide copolymer 
25 which has a main chain represented by the formula (4), one end represented by the formula (5) and another end 
represented by the formula (6): 



30 



40 



45 



50 



55 



- (NH-A-NHCO-B-CO) m - (4) 



-NH-A-NH-X 2 (5) 



35 -X 1 (6) 

wherein X 1 and X 2 each represents -COR 4 , -CO-B-COR 5 (where R 4 represents an organic group having 1 to 7 
carbon atoms, R 5 represents hydroxyl group, -OR 6 or -NHR 6 (where R 6 represents an organic group having 1 to 
7 carbon atoms) and B represents a divalent organic group having 1 to 20 carbon atoms) or hydrogen atom; A 
represents -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - (where R 1 represents a divalent organic group having 1 to 10 
carbon atoms, R 2 and R 3 are the same or different, each representing an organic group having 1 to 7 carbon 
atoms, and n 1 denotes an integer of 5 to 200) or a divalent organic group having 1 to 20 carbon atoms; B represents 
a divalent organic group having 1 to 20 carbon atoms; and m denotes an integer of 5 to 200, 
wherein the ratio of -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - as A to the divalent organic group having 1 to 20 carbon 
atoms as A is within the range of 1 :0.01 ~ 1 00, and the proportion of X 1 and X 2 being hydrogen atoms is 1 0% or 
less relative to all the end groups in the copolymer. 



[0032] Further, according to the present invention, there is provided a process for producing the above-described 
polydialkylsiloxane/polyamide copolymer in which, after a copolymer (A) having a main chain represented by the for- 
mula (4), one end represented by the formula (5) and another end represented by the formula (6) in which the ratio of 
-R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - as A to a divalent organic group having 1 to 20 carbon atoms as A is within the 
range of 1 :0.01 ~ 100 is obtained, 

the step (I) in which the copolymer (A) is reacted with an acyl chloride having 2 to 8 carbon atoms to alkylamidate 
hydrogen atoms represented by X 1 and X 2 in the copolymer (A) so that the proportion of X 1 and X 2 being hydrogen 
atoms is 10% or less relative to all the end groups in the resulting copolymer, or 

the step (II) in which the copolymer (A) is reacted with a dicarboxylic acid chloride represented by the formula (3), 
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and then with a compound selected from the group consisting of a monovalent hydroxyl group-containing com- 
pound having 1 to 8 carbon atoms, a monovalent amino group-containing compound having 1 to 8 carbon atoms, 
and a mixture thereof so that, in the copolymer, the proportion of X 1 and X 2 being hydrogen atoms is 1 0% or less, 
is carried out. 

5 

[0033] Furthermore, according to the present invention, there is provided a molded article obtained by molding a 
molding material containing at least one kind of polydialkylsiloxane/polyamide copolymer described above. 
[0034] The present invention further provides an ophthalmic or medical material comprising the above-described 
molded article. 

10 [0035] The present invention further provides a cosmetic composition or electronic material containing at least either 
the polydialkylsiloxane/polyamide copolymer or the molded article. 

[0036] Figure 1 is a graph showing the relation between the temperature and the weight loss (%) of the cast membrane 
obtained through the thermogravimetry of the p-1 7-70 cast membrane conducted in Example 8. 
[0037] Figure 2 is a graph showing the relation between the drying time at 1 20°C and the residual solvent weight of 
15 each cast membrane in Example 8. 

[0038] Figure 3 is a graph showing the results of analysis by a differential scanning calorimeter made on the p-1 7-20 
cast membrane in Example 8 and the p-1 7-70 film in Example 9. 

[0039] Figure 4 is a graph showing the dynamic viscoelasticity of the electron beam-irradiated film measured in 
Example 10. 

20 [0040] Figure 5 is a graph showing the dynamic viscoelasticity of the film before the electron beam irradiation meas- 
ured in Example 10. 

[0041] Figure 6 is a graph showing the measured results of TG of the film irradiated with an electron beam (20, 30, 
50, and 70 Mrad) in Example 10. 

[0042] Figure 7 is a graph showing the ultraviolet and visible ray absorption spectrum measured in Example 15. 
25 [0043] Hereinafter, the present invention will be described in further detail. 

[0044] The polydialkylsiloxane/polyamide copolymer of the present invention (hereinafter, referred to as the copol- 
ymer of the present invention) is obtained by polymerizing 

an amino compound represented by the formula (1 ) and having amino groups at both ends and a dialkylsiloxane 
30 chain: 

H 2 N-R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 -NH 2 (1), 
35 a diamino compound represented by the formula (2): 



H 2 N-A1-NH 2 (2), 

40 and 

a dicarboxylic acid chloride represented by the formula (3): 

CICO-B-COCI (3) 

45 

to give a polydialkylsiloxane/polyamide copolymer (A) containing amino groups at the ends thereof in which the 
ratio of -R 1 - (Si (R 2 ) (R 3 ) -O) n 1 -Si (R 2 ) (R 3 ) -R 1 - to -A 1 - is within the range of 1:0.01 - 100, and reacting the 
copolymer (A) thus obtained with an acyl chloride having 2 to 8 carbon atoms, or reacting the copolymer (A) with 
a dicarboxylic acid chloride represented by the formula (3) and then with a compound selected from the group 
50 consisting of a monovalent hydroxyl group-containing compound having 1 to 8 carbon atoms, a monovalent amino 

group-containing compound having 1 to 8 carbon atoms, and a mixture thereof. In either case, the resulting co- 
polymers are similarly terminated. By allowing the copolymer (A) to react with a dicarboxylic acid chloride repre- 
sented by the formula (3), there is provided a polydialkylsiloxane/polyamide copolymer terminated with acid chlo- 
ride. 

55 

[0045] In the formula (1), R 1 represents a divalent organic group having 1 to 10 carbon atoms such as p-phenylene 
group, o-phenylene group, m-phenylene group, 4,4'-diphenyleneether group, 4,3'-dipheny!eneether group, 4,4'-diphe- 
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nylene group, 4,3 , -diphenylene group, 4,4'-phenylenedimethylene group, 4,4'-thiodiphenylene group, 4,3'-thiodiphe- 
nylene group, 4,4 , -propylenediphenylene group, 4,3'-propylenediphenylene group, 4,4 l -methylenediphenylene group, 
and 4,3'-methylenediphenylene group. R 2 and R 3 are the same or different, each representing an organic group having 
1 to 7 carbon atoms such as methyl group, ethyl group, phenyl group, hydroxyphenyl group, vinyl group, 3,3,3-trifluor- 
opropyl group, (meth)acryioyloxyalkyl group, p-phenyl(meth)acryloyloxyalkyl group, azidobenzoyloxyaikyl group, and 
mercaptoalkyl group. Methyl, ethyl, phenyl, hydroxyphenyl, vinyl, 3,3,3-trifluoropropyl groups are preferred, n 1 denotes 
an integer of 5 to 200. 

[0046] As the amino compound represented by the formula (1), oligomers expressed by the formulae listed below 
are preferable, and these can be used either singly or as a mixture. In the formulae, Ph represents phenyl group, and 
a and b each denotes an integer of 1 to 10. 

NH 2 (CH 2 )a-(Si (CH 3 ) 2 0) n 1 -Si (CH 3 ) 2 - (CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (C 2 H 5 ) 2 0)n 1 -Si (C 2 H 5 ) 2 - (CH 2 )bNH 2> 
NH 2 (CH 2 )a-(Si (CH 3 ) (C 6 H 5 )0)n 1 -Si (CH 3 ) (C 6 H 5 ) - (CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (C 6 H 5 ) 2 0) n 1 -Si (C 6 H 5 ) 2 - (CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (CH 3 ) (C 6 H 4 OH) O) n 1 -Si (CH 3 ) (C 6 H 4 OH) - (CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (CH 3 ) 2 0)n 1 -(Si (CH=CH 2 ) 2 0) n 1 -Si (CH 3 ) 2 - (CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (CH 3 ) (CH 2 CH 2 CF 3 ) O) n 1 -Si (CH 3 ) (CH 2 CH 2 CF 3 ) - (CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (CH 3 ) 2 0) n 1 - (Si (CH 2 CH 2 CF 3 ) 2 0) n 1 -Si (CH 3 ) 2 - (CH 2 )bNH 2> 
NH 2 (CH 2 )a-(Si (CH 3 ) 2 0) n 1 - (Si (C 3 H 6 OCOCH==CH 2 ) (CH 3 ) O) n 1 -Si (CH 3 ) 2 -(CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (CH 3 ) 2 0) n 1 - (Si (C 3 H 6 OCOCH=CHPh) (CH 3 ) O) n 1 -Si (CH 3 ) 2 -(CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (CH 3 ) 2 0) n 1 - (Si (C 3 H 6 OCOC 6 H 4 N 3 ) (CH 3 ) O) n 1 -Si (CH 3 ) 2 -(CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (CH 3 ) 2 0)n 1 -(Si (C 3 H 6 SH) (CH 3 ) 0)n 1 -Si (CH 3 ) 2 -(CH 2 )bNH 2 , 
NH 2 (CH 2 )a-(Si (CH 3 ) 2 0)n 1 - (Si (Ph) s O) n 1 -Si (CH 3 ) 2 - (CH 2 )bNH 2 , 

and 

NH 2 (CH 2 )a-(Si (CH 3 ) 2 0)n 1 - (Si (CH 3 ) (Ph) O) n 1 -Si (CH 3 ) 2 - (CH 2 )bNH 2 

[0047] There is no particular restriction as to the preparation method of the amino compound of the formula (1). For 
example, there are mentioned: a process in which, with the use of a metal compound such as palladium, rhodium, and 
ruthenium as a catalyst, a polysiloxane having silyl hydroxyl groups at both ends and a predetermined molecular weight 
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is allowed to react with an unsaturated amine such as 3-amino-1-propene and 4-amino-1-butene; and a process in 
which such a polysiloxane as was described above is allowed to react with, for example, acrylonitrile in lieu of the 
unsaturated amine mentioned above to cause catalytic reduction, to introduce, for example, amino propyl groups. 
Generally, in the production of a polysiloxane, it is also possible to prepare the amino compound of the formula (1) by 
s subjecting a cyclic oligosiloxane to ring-opening polymerization using a disiloxane having an aminoalkyl group as a 
polymerization terminator. 

[0048] In the formula (2), A 1 represents a divalent organic group having 1 to 20 carbon atoms, such as p-phenylene 
group, o-phenylene group, m-phenylene group, 4,4-diphenyl ether group, 4,3'-diphenyl ether group, 4,4'-diphenylene 
group, 4,3'-diphenylene group, 4,4'-phenylenedimethylene group, 4,4'-thiodiphenylene group, 4,3'-thiodiphenylene 

10 group, 4,4'-diphenylthioether group, 4,3'-diphenylthioether group, 4,4'-propylenediphenylene group, 4,3'-propylen- 
ediphenylene group, 4,4 , -methylenediphenylene group, and 4,3'-methylenediphenylene group. Preferred are p-phe- 
nylene group, o-phenylene group, m-phenylene group, 4,4'-diphenyl ether group, 4,3'-diphenyl ether group, 4,4'-diphe- 
nylene group, 4,3'-diphenylene group, 4,4'-diphenylthioether group, and 4,3'-diphenylthioether group. 
[0049] Exemplified as the diamino compound represented by the formula (2) are p-phenylenediamine, o-phenylen- 

15 ediamine, m-phenylenediamine, 4,4' -diaminodiphenylether, 4,3'-diaminodiphenylether, 4,4'-diaminodiphenylene, 4,3'- 
diaminodiphenylene, 4,4-diaminodiphenylthioether, 4,3'-diaminodiphenylthioether, 4,4'-diaminodiphenylmethylene, 
4,3'-diaminodiphenylmethylene, 4,4'-diaminodiphenylethylene, 4,3'-diaminodiphenylethylene, 4,4'-diaminodiphenyl- 
propylene, and 4,3'-diaminodiphenylpropylene. These can be used either singly or as a mixture. 
[0050] In the formula (3), B represents a divalent organic group having 1 to 20 carbon atoms, such as p-phenylene 

20 group, o-phenylene group, m-phenylene group, 4,4'-diphenylene ether group, 4,3 , -diphenylene ether group, 4,4'-diphe- 
nylene group, 4,3'-diphenylene group, 4,4'-phenylenedimethylene group, 4,4'-thiodiphenylene group, 4,3'-thiodiphe- 
nylene group, 4,4'-propylenediphenylene group, 4,3'-propylenediphenylene group, 4,4'-methylenediphenylene group, 
and 4,3'-methylenediphenylene group. Preferred as B are p-phenylene group, o-phenylene group, and m-phenylene 
group, etc. 

25 [0051] Examples of the dicarboxylic acid chloride represented by the formula (3) are terephthalic acid chloride, iso- 
phthalic acid chloride, phthalic acid chloride, 4,4'-oxybisbenzoic acid chloride, 4,3 , -oxybisbenzoic acid chloride, 4,4'- 
bisbenzoic acid chloride, 4,3'-bisbenzoic acid chloride, 4,4'-thiobisbenzoic acid chloride, 4,3-thiobisbenzoic acid chlo- 
ride, 4,4'-methylenebisbenzoic acid chloride, 4,3'-methylenebisbenzoic acid chloride, 4,4'-ethylenebisbenzoic acid 
chloride, 4,3'-ethylenebisbenzoic acid chloride, 4,4'-propylenebisbenzoic acid chloride, and 4,3'-propylenebisbenzoic 
30 acid chloride. These can be used either singly or as a mixture. 

[0052] The proportions of the amino compound of the formula (1 j, the diamino compound of the formula (2), and the 
dicarboxylic acid chloride of the formula (3) to be charged and the reaction conditions are such that the ratio of -R 1 - 
(Si(R2) (R3)-0)ni-Si(R2) (R3)-R1- to -A^- is within the range of 1:0.01 - 100, preferably 1 :0.1 to 10. 
[0053] Such reaction conditions are set according to, for example, the processes recited in Japanese Patent Appli- 
es cation Laid-Open No. Hei 1-123824, Japanese Patent Application Laid-Open No. Hei 6-313864, and Macromolecules, 
Vol.2, p4143 (1989). 

[0054] For example, it is desired that the molar ratio of the amino compound of the formula (1 ), the diamino compound 
of the formula (2), and the dicarboxylic acid chloride of the formula (3) to be charged is suitably selected within the 
range of 0.001 - 0.090:0.01 - 0.099:1 , preferably 0.01 -0.90:0.10-0.99:1. 

40 [0055] The polymerization reaction described above can be carried out in a solvent selected from the group consisting 
of, for instance, DMF, DM Ac, tetrahydrofuran (hereinafter, abbreviated asTHF), dioxane, acetonitrile, d i met hoxy ethane, 
(hereinafter, abbreviated as DME) , acetone, methyl ethyl ketone (hereinafter, abbreviated as MEK), diglyme, methyl 
acetate, ethyl acetate, and mixtures thereof. The use of a mixed solvent is particularly preferred. 
[0056] They are reacted in accordance with a process in which, after the diamino compound of the formula (2) has 

^5 been reacted with the dicarboxylic acid chloride of the formula (3), the amino compound of the formula (1 ) is subjected 
to reaction, or with a process in which all components are charged to a reactor and reacted at the same time, and 
either process will do. The chains of segments constituting the resulting copolymer or its molecular weight can be 
varied by changing the order of charging of these components or timing, slightly varying the ratio, or replacing the 
solvent with other ones. 

so [0057] With the reactor kept dry by being ventilated with nitrogen gas or air, the reaction(s) may performed at a 
temperature of from -80°C - 60°C for 0.1 to 1 00 hours. 

[0058] The copolymer (A) obtainable through the polymerization described above is a mixture of polymers terminated 
by an amino group, a carboxyl group, a carboxylic acid, or a carboxylate and having various molecular weight. Usually, 
the proportion of end groups being amino groups is, relative to all the end groups, preferably about 50%, and usually 
55 preferred to exceed 1 0% but not to exceed 50%. The molecular weight is preferred to fall within the range of from 5,000 
to 1,000,000. 

[0059] The copolymer of the present invention may be produced by allowing the copolymer (A) obtained above to 
react with an acyl chloride having 2 to 8 carbon atoms, such as acetyl chloride and benzoyl chloride, or by allowing 
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the copolymer (A) to react with a dicarboxylic acid chloride represented by the formula (3) and then with a compound 
selected from the group consisting of a monovalent hydroxyl group-containing compound having 1 to 8 carbon atoms 
such as a monohydric alcohol having 1 to 8 carbon atoms, a monovalent amino group-containing compound having 1 
to 8 carbon atoms such as a monovalent amine having 1 to 8 carbon atoms, and a mixture thereof. In either case, the 

5 resulting copolymers are similarly terminated. 

[0060] These reactions can be carried out in any of the solvents listed above for use in the polymerization. For 
example, the amount of the acyl chloride or dicarboxylic acid chloride to be charged is suitably selected according to 
the proportion of the amino groups remaining at ends of the copolymer (A). For instance, it is preferred that the amount 
of the acyl chloride or dicarboxylic acid chloride to be charged is 1 to 10 equivalents of amino groups remaining at 

10 ends of the copolymer. Each of the reactions may be carried out, for example, at a temperature of -80°C — 60°C for 
1 min. ~ 2 hours. Addition of an alcohol having 1 to 8 carbon atoms following the reaction prevents functional groups 
from remaining at ends of the copolymer. 

[0061] The reaction product can be purified by adding an alcohol having 1 to 8 carbon atoms, water, or a mixture 
thereof to the reaction solution, heating, cooling, and filtering the resulting solution; or by dropping the reaction solution 
15 into an alcohol having 1 to 8 carbon atoms, water, or a mixture thereof, heating, cooling, and then filtering the resulting 
mixture; or by repeating either of these procedures. 

[0062] There is no particular restriction as to the molecular weight of the copolymer obtainable through the process 
described above, it is preferably, in terms of the number average molecular weight, about 5,000 to 1 ,000,000. 
[0063] The copolymer of the present invention is formed by allowing the copolymer (A) thus obtained to react with 

20 the aforementioned acyl chloride and preferably purifying the reaction product, to substitute at least part or all of the 
amino groups remaining at ends with an acyl cloride residue; or by, after the copolymer (A) obtained has been reacted 
with the aforementioned dicarboxylic acid chloride, allowing the copolymer (A) to react with a compound selected from 
the group consisting of a monovalent hydroxyl group-containing compound having 1 to 8 carbon atoms, a monovalent 
amino group-containing compound having 1 to 8 carbon atoms, and a mixture thereof, to substitute at least part or all 

25 of the amino groups remaining at ends. In either case, the resulting copolymers are the same. 

[0064] The quantity of the amino groups remaining at ends of the copolymer of the present invention can be deter- 
mined through, for example, the observation of the degree of color change resulting from exposure to high temperature 
conditions in the presence of oxygen, such as exposure to the air, for a certain period of time. More quantitative ways 
of measuring may include acid-base titration, the introduction of molecules which, through a quantitative reaction with 

30 amino groups, show the absorption of light having a specific wavelength or the emission of fluorescence. Particularly 
preferred is the following method which is adopted to detect or quantitatively determine amino acid, peptide, or protein, 
for this method is of high sensitivity and reliability. 

[0065] Specifically, a fluorescent substance such as fluorescein isothiocyanate (hereinafter, abbreviated as FITC), 
tetrarhodamine isothiocyanate, fluorescamine, dansyl chloride, and o-phthalic acid chloride is allowed to react with the 

35 copolymer of the present invention in a suitable solvent. Thereafter, fluorescent pigments left unreacted are eliminated 
by washing the reaction solution repetitively. The resulting solution is then dissolved in a suitable solvent and subjected 
to excitation at a certain wavelength, and the intensity of the fluorescence is measured by a predetermined method. If 
the concentration is high, the percentage of the residual amino groups may be calculated by measuring the absorption 
spectrum (intensity) and utilizing the ratio of the absorption spectrum intensity showing the quantity of terminal amino 

40 groups remaining in the copolymer before the reaction with the acyl chloride to the absorption spectrum intensity show- 
ing the quantity of amino groups remaining in the copolymer of the present invention. In the copolymer of the present 
invention; it is preferred that the residual amino group quantity figured out from the absorption spectrum intensity ratio 
is 1 0% or less. The percentage of residual amino groups per lot can be quantitativeiy evaluated by observing the degree 
of color change, that is, by shaping the copolymerthus obtained into a film having a substantially uniform film thickness , 

45 exposing the film to a predetermined temperature (e.g., 300°C or so) for a certain period of time, and quantitatively 
measuring the shift of the absorption spectrum (the shift of the cut-off wavelength toward longer wavelengths). The 
behavior under similar thermal stress can also be evaluated by various thermal analysis, orthermomechanical analysis. 
[0066] Further, the proportion of the residual amino groups relative to all of the end groups of the copolymer of the 
present invention is measured by, for example, calculating the number of end groups per unit weight using the average 

so molecular weight, and introducing molecules which specifically and quantitatively add to the amino groups, or by car- 
rying out acid-base titration, to quantify the amino groups. In the copolymer of the present invention, the proportion of 
the residual amino groups relative to all of the end groups is also preferred to be 10% or less, particularly 0 to 5%. 
[0067] Among copolymers of the present invention obtainable by the above-mentioned production process, preferred 
is a polydialkylsiloxane/polyamide copolymer having one or more kinds of main chains represented by the formula (4), 

55 one end represented by the formula (5) and another end represented by the formula (6) in which the ratio of -R 1 -(Si 
(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - as A to a divalent organic group having 1 to 20 carbon atoms as A in the copolymer is 
within the range of 1 :0.01 — 1 00 and the proportion of X 1 and X 2 being hydrogen atoms relative to all of the end groups 
in the copolymer is 1 0% or less, preferably 0 to 5%. 
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- (NH-A-NHCO-B-CO)m- 



(4) 



-NH-A-NH-X 2 



(5) 



(6) 



[0068] In the formulae, X 1 and X 2 each represents -COR 4 , -CO-B-COR 5 (R 4 represents an organic group having 1 
to 7 carbon atoms; R 5 represents hydroxyl group, -OR 6 , or-NHR 6 (R 6 represents an organic group having 1 to 7 carbon 
atoms); and B represents a divalent organic group having 1 to 20 carbon atoms) or hydrogen atom. A represents -R 1 - 
(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - (R 1 represents a divalent organic group having 1 to 10 carbon atoms; R 2 and R 3 are 
the same or different group, each representing an organic group having 1 to 7 carbon atoms; and n 1 denotes an integer 
of 5 to 200) or a divalent organic group having 1 to 20 carbon atoms. B represents a divalent organic group having 1 
to 20 carbon atoms, m denotes an integer of 5 to 200. 

[0069] Even if heat-molded under conditions by which solvent is substantially removed, the above-described copol- 
ymer, reduced in the amount of the terminal amino groups, yields a molded article which is substantially uncolored. 
[0070] Preferred as the main chain represented by the formula (4) are the structures represented by the following 
formulae and combinations of these structures. In the formulae, Ph represents phenyl group. 



-HN-(CH 2 ). 




-HN-(CH0»- 




n- 



» 



-HN-<CHa)*- 




n- 



r 



-HN-(CH 2 ) S - 




9 
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Ph Ph 

-HM- (CH,) (Si -0) , c-S i - (CHa) . -HH-C0-(o)-C0- (IWH@HH^)-NH-C0-^)-{M) n- 

Ah, ch, 

CH, CH, 
CH, CHa 

Ph Ph 

-HN-(CHa)a-(d-0), B -Si-(CHa^^^ 

Ph Ph ' \2/ 0 a2/" NH " c0 \2/ C0) n " ' 



CHi CH, 
-HN- (CHa) 2- (Si -0) ao-Si - (CHa) a -NH-C0v 

CHs Ah, ®^(nh-^h^nh-co, 

(o)-CD)n- 



CH, CH, 

-HM- (CHa) (Si -0) , - (CH,) a-NH-COv 



CH, CH, <O)-C0-(NH^g)-0-@-l 



NH-CO, 

(5)-C0)n- 



CH, CH, 

-HM- (CHa) a- (Si-0) „-Si- (CHa) a-IW-C0-(o)-C0- (l«-@-0-(oyNH-C0-(o)-C0) rt- 
CH, CH, 
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CHa CH, 

CH, Ah. <^NH^O>C0)n. . 



CHa CHa 
-HH-(CH a )3'(Si-0) 2 »-Si-(GH a )3-NH-CO\ - 



1 I /o^-CO-CMH-^-NH-OO, 

CHa U "V7 ^V, Q)n _ f 



15 



20 

CHs CHa 

-HN-CWa-CSi-O^-Si-Wa-NH-GO, 



25 



30 



35 



40 



45 



i H , Ah, . ^<™\ 



@-CO)n- , 



Ph Ph 

-HN-(CHa) a- (Si-O) a o-Si-(CH a ) a-NH-GOv 

CHa in, ©-cc-om-^-NH-co, 

(o)-CO)n- , 



-HN-(CHJ *-<Si-0) ac -Si-(CHa) a-NH-COv 



50 



Ph Ph <£>«>-«V 



CO)n- 



55 
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CH, CH 



-HN- (CH,) a- (S i-0) , 0 -Si - (CH,) ,-NH-C0-|^j-CO- (M-j£j-0-(^^ n- , 

CHs CHj 



10 CH, CH, 

-HH- (CH,) (Si-0) 8 o-Si - (CH,) ,-NH-CC^q^O- (NH-^0-@-NH-a) 1 ^pCO) n- , 
C H, C H, 



15 



CH, CH, 

-HN- (CH,) ,- (sJl-0) , ,-sji - (CH,) a -NH-C0-^C0- (NH^^)-(^im-C0-^CO) . 
CHs CH, 



25 



30 



Ph Ph 

-HN-(CH,) J - " " 



(Si-0) % o-8 i - (CH,) ,-NH-CO-j^j-CO- (NH-^0-(^I^C0-|^ r CO) n- 
CHj CHj 



[0071] As the end groups represented by X 1 and X 2 in the formulae (5) and (6), a specific amount or less of hydrogen 
atoms, and groups represented by the formulae shown below are preferably mentioned: 

35 -COCH 3 , -COCH 2 CH 3 , -CO(CH 2 ) 2 CH 3 , -COCH(CH 3 ) 2l -CO(CH 2 )CH 3 , -COCH 2 CH(CH 3 ) 2> -CO(CH 2 ) 4 CH 3 , -CO 

(CH 2 ) 5 CH 3J -CO(CH 2 ) 6 CH 3 ,-CO(CH 2 ) 7 CH 3 , -COCH 2 CH(C 2 H 5 ) (CH 2 ) 3 CH 3 , -CO(CH 2 ) 8 CH 3 , -CO(CH 2 ) 9 CH 3 , -CO 
(CH 2 ) 11 CH 3l -CO(CH 2 ) 13 CH 3 , -CO(CH 2 ) 15 CH 3 , -CO(CH 2 ) 17 CH 3 ,-CO(CH 2 ) 19 CH 3l -CO-B-COOH, -CO-B-COOCH 3 , 
-CO-B-COOC 2 H 5 , CO-B-COOC 3 H 7l -CO-B-COOC 4 H 9 , -CO-B-COOCgH^ , -CO-B-COOC 6 H 13 , -CO-B-COOC 7 H 15 , 
-CO-B-CONHC 2 H 5 , -CO-B-CONHC 4 H 9 , -CO-B-CONHCgH^, -CO-B-CONHC 6 H 13 , and -CO-B-CONHC 7 H 15 . 

40 [0072] In the formulae, B represents -0-C 6 H 4 -, -m-C 6 H 4 -, -p-C 6 H 4 -, -o-C 6 H 4 -0-o-C 6 H 4 -, -m-C 6 H 4 -O-0-C 6 H 4 -, -p- 
C 6 H 4 -O-0-C 6 H 4 -, -m-C 6 H 4 -0-m-C 6 H 4 -, -m-C 6 H 4 -0-p-C 6 H 4 -, -p-C 6 H 4 -0-p-C 6 H 4 -, >o-C 6 H 4 -S-o-C 6 H 4 -, -m-C 6 H 4 -S-o- 
C 6 H 4 -, -p-C 6 H 4 -S-o-C 6 H 4 -, -m-C 6 H 4 -S-m-C 6 H 4 -, -m-C 6 H 4 -S-p-C 6 H 4 -, -p-C 6 H 4 -S-p-C 6 H 4 -, -o-C 6 H 4 -CH 2 -o-C 6 H 4 -, -m- 
C 6 H 4 -CH 2 -o-C 6 H 4 -, -p-C 6 H 4 -CH 2 -o-C 6 H 4 - f -m-C 6 H 4 -CH 2 -m-C 6 H 4 - > -m-C 6 H 4 -CH 2 -p-C 6 H 4 -, or -p-C 6 H 4 -CH 2 -p-C 6 H 4 -. 
[0073] The copolymer of the present invention is obtained in the form of a mixture being any of a variety of combi- 

45 nations of the main chains and end groups listed above. 

[0074] The copolymer of the present invention may be dried after its production. For example, the copolymer may 
be dried, under atmospheric pressure, at a temperature of from room temperature to 150°C, preferably about 70°C for 
1 to 20 hours, preferably 2 to 8 hours, then at a temperature of not higher than 250°C, under reduced pressure by 
vacuum pumping, for 1 to 7 days. It is also possible to solidify the copolymer of the present invention while molding it 

so jn the desired form, for example in a fibrous, hollow-fibrous, or filate form, by wet molding. 

[0075] The molded article of the present invention is an article obtained by forming a molding material containing at 
least one of the copolymers of the present invention into a certain shape. In the case of the fabrication of a film article, 
the solvent-cast method may be employed as the molding method. 

[0076] The solvent-cast molding may be performed by preparing a solution as the molding material containing 0.5 
55 to 40 wt%, preferably about 10 wt% of the present copolymer in a solvent such as DMAc or DMF, and cast-molding 
the solution. A cast membrane may be obtained by roughly drying the solution under atmospheric pressure at a tem- 
perature from room temperature to 150°C, preferably on a hot plate heated up to about 70°C , for 1 to 20 hours, 
preferably for 2 to 8 hours, and then at room temperature or a temperature not higher than 250°C, under pressure 
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reduced by vacuum pumping, for 1 to 7 days. The form of the molded articles obtained by the cast method is not limited 
to a film but may include any of a variety of forms. 

[0077] In some cases, fabrication of a molded article obtained by this solvent-cast method has the risk of failure in 
eliminating the solvent contained therein, especially in the case where the solvent to be used is highly polar or has a 
5 high boiling point depending on the composition of the copolymer. Therefore, it would be desirable that such article 
finds its uses other than ophthalmic and medical materials. 

[0078] The residual solvent in the molded article can be measured by, for example, determining the hydrogen peak 
due to the solvent by 1 H-NHR. However, the sensitivity of this method is as low as several percentages, and this method 
is effective only when the hydrogen peak of the polymer and that of the solvent do not overlap. Other ways of measuring 

10 include thermogravimetry (TG) and differential scanning calorimetry (DSC). The former method is such that a change 
in weight of the solvent contained in the polymer or the polymer itself is measured in the process of elevating the 
temperature up to the decomposition temperature of the polymer. If the residual solvent contained in the polymer has 
been evaporated, a change in weight equivalent to the amount of the vaporized solvent may be measured. However, 
if the decomposition or boiling temperature of the residual solvent is similar to or the same as those of other impurities 

15 such as water or the decomposition temperature of the polymer itself, it becomes impossible to recognize a change in 
weight. On the other hand, the latter method is such that enthalpy changes accompanying the evaporation of the 
solvent contained in the polymer is measured in the process of elevating the temperature up to the decomposition 
temperature of the polymer. Basic principle of DSC is similar to TG. In the case of measuring a solvent of high boiling 
point and high latent heat of evaporation, this method provides measurements with extremely high sensitivity. 

20 [0079] Examples of other molding methods include the heat-molding method. This heat-molding method makes it 
possible to remove most of the solvent inevitably left in the copolymer during the production or to make the copolymer 
substantially solvent-free, and therefore is useful particularly for the production of ophthalmic materials such as contact 
lenses and intraocular lenses and medical materials. In the case of the fabrication of a molded article from a copolymer 
proposed in the past having a main chain represented by the formula (4) the terminals of which are not treated with 

25 an acyl chloride, it was impossible to adopt the heat-molding method. This is because heating causes the degradation 
or color change of the molded article and this method is unable to make the article substantially solvent-free. In contrast, 
even if heat-molded, a molding material containing the copolymer of the present invention is inhibited from being colored 
(decolored) and can yield a molded article which is substantially transparent. 

[0080] Exemplified as the heat-molding method are hot-press molding, melt-flow molding, and injection molding, and 
30 the molding conditions are suitably selected. The shape of the molded article is selected according to the intended use 
and there is no particular restriction. 

[0081 ] The molded article of the present invention may be one that has been crosslinked by energy beam irradiation 
after the molding. Examples of the energy beam are electron beams, radiation beams, plasma beams, etc. It is also 
possible to crosslink the molded article by applying an electric field thereto. 

35 [0082] It is preferred that the electron beam irradiation is carried out at a dose within the range of from 1 to 1 ,000 
Mrad, particularly from 5 to 100 Mrad. Whether the crossiinking has been effected or not can be confirmed by, after 
the energy beam irradiation, measuring the softening temperature by thermomechanical analysis (TMA) to check a 
rise in softening temperature. Moreover, the extent of a rise in softening temperature shows the degree of crossiinking. 
Whether the crossiinking was effected or not and its degree can also be evaluated by measuring the dynamic viscoe- 

40 lasticity. 

[0083] The crossiinking makes it possible to further improve the mechanical strength of the molded article without 
losing the bi ©compatibility derived from the copolymer of the present invention, and therefore its use in ophthalmic 
materials and a variety of medical materials is expected. 

[0084] For imparting hydrophilicity, the surface of the molded article of the present invention, after the molding or 
45 electron beam irradiation, may be provided with a membrane containing a copolymer in which the compositional ratio 
of the hydrophilic monomer unit to the hydrophobic monomer unit is 1:0.01 — 100, preferably 1 :0.1 — 10. Further, the 
molded article of the present invention may bean integrally molded one formed by, after the molding or electron beam 
irradiation, firmly bonding the surface of the molded article with a molded article containing a copolymer in which the 
compositional ratio of the hydrophilic monomer unit to the hydrophobic monomer unit is 1 :0.01 ~ 100, preferably 1 : 
so o,1 ~ 10. 

[0085] Such hydrophilicity-imparted molded article can be used as a variety of medical materials required to be 
hydrophilic, particularly as an ophthalmic material such as contact lenses with an improved fit to the eye, intraocular 
lenses, etc. 

[0086] Exemplified as the monomer constituting the monomer unit mentioned above are 2-hydroxyethyl acrylate 
55 (hereinafter, abbreviated as HE A), 2-hydroxyethyl methacrylate (hereinafter, abbreviated as HEM A), acrylamide (here- 
inafter, abbreviated as AAm), vinylpyrrolidone (hereinafter, abbreviated as VPD), acrylic acid (hereinafter, abbreviated 
as AA), and methacrylic acid (hereinafter, abbreviated as MAA) . On the other hand, as the hydrophobic monomer 
constituting the hydrophobic monomer unit, there are mentioned, for example, methyl acrylate (hereinafter, abbreviated 
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as MA), methyl methacrylate (hereinafter, abbreviated as MMA), ethyl acrylate (hereinafter, abbreviated as EA), ethyl 
methacrylate (hereinafter, abbreviated as EMA), propyl acrylate (hereinafter, abbreviated as PA), propyl methacrylate 
(hereinafter, abbreviated as PMA) , butyl acrylate (hereinafter, abbreviated as BA), butyl methacrylate (hereinafter, 
abbreviated as BMA), lauryl acrylate (hereinafter, abbreviated as LA), lauryl methacrylate (hereinafter, abbreviated as 
LM A), stearyl acrylate (hereinafter, abbreviated as SA) t stearyl methacrylate (hereinafter, abbreviated as SMA), 2-ethyl- 
hexyl acrylate (hereinafter, abbreviated as EH A), 2-ethylhexyl methacrylate (hereinafter, abbreviated as EHMA), and 
styrene (hereinafter, abbreviated as St). 

[0087] Further, a compound having a side chain represented by the formula (7) is also preferable as the aforemen- 
tioned monomer. 

R 7 

(CH a ) n-N-R 8 (7) 
R 9 

[0088] In the formula, R 7 , R 8 , and R 9 are the same or different, each representing hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms, n denotes an integer of 2 to 4. 

[0089] Preferably employed as a compound having a side chain represented by the formula (7) is 2-(meth)acryloy- 
loxyethyl-2 , -trimethylammonio)ethyl phosphate, a-Jmethiacryloyloxypropyl-^^trimethylammonioiethyl phosphate, 4- 
(meth)acryloyloxybutyl-2'-(trimethylammonio)ethyl phosphate, 5-(meth)acryloyloxypentyl-2 , -(trimethylammonio)ethyl 
phosphate, e^methiacryloyloxyhexyl^'^trimethylammoniojethyl phosphate, 2-(meth)acryloyloxyethyl-2 , -(triethylam- 
monio)ethyl phosphate, 2-(meth)acryloyloxyethyl-2'-(tripropylammonio)ethyi phosphate, 2-(meth)acryloyloxyethyl-2'- 
(tributylammonio)ethyl phosphate, 2-(meth)acryloyloxypropyl-2'-(trimethylammonio)ethyl phosphate, 2-(meth)acryloy- 
loxybutyl-^^trimethylammoniojethyl phosphate, 2-(meth)acryloyloxypentyl-2'-(trimethylammonio)ethyl phosphate, 2- 
(methjacryloyloxyhexyl^'^trimethylammoniojethyl phosphate, 2-(vinyloxy)ethyl-2 , -(trimethylammonio)ethyl phos- 
phate, 2-(allyloxy)ethyl-2 , -(trimethylammonio)ethyl phosphate, 2«(p-vinylbenzy1oxy)ethyl-2'-(trimethylammonio)ethyl 
phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(styryloxy)ethyl-2'-(trimethylammo- 
nio)ethyl phosphate, 2-(p-vinylbenzyl)ethyl-2 , -(trimethylammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2'-(tri- 
methylammonio)ethyl phosphate, 2-(allyloxycarbonyl)ethyl-2 , -(trimethylammonio)ethyl phosphate, 2-(acryloylamino) 
ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinylcarbonylamino)ethyl-2 , -(trimethylammonio)ethyl phosphate, 2-(al- 
lyloxycarbonylaminojethyl^'-jtrimethylammoniojethyl phosphate, 2-(butenoyloxy)ethyl-2 , -(trimethylammonio)ethyl 
phosphate, 2-(crotonoyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, ethyl-(2'-trimethylammonioethylphospho- 
rylethyl) fumarate, butyl-(2 , -trimethylammonioethylphosphorylethyl) fumarate, or hy droxy ethyl -(2' -trim ethyl ammo- 
nioethylphosphorylethyl) fumarate. From the viewpoint of, e.g., availability, 2-methacryIoyloxyethyl-2 , -(triethylammo- 
nio)ethyl phosphate (also referred to as 2-methacyloyloxyethylphosphorylcholine) (hereinafter, abbreviated as MPC) 
is preferably employed. 

[0090] As the above-mentioned copolymer having a hydrophilic monomer unit and a hydrophobic monomer unit, 
there are mentioned, for example, MPC-MMA copolymer, MPC-EMA copolymer, MPC-PMA copolymer, MPC-BMA 
copolymer, MPC-LM A copolymer, MPC-S MA copolymer, MPC-EHMA copolymer, MPC-St copolymer, MPC-MA copol- 
ymer, MPC-EA copolymer, M PC-PA copolymer, MPC-BA copolymer, MPC-LA copolymer, MPC-SA copolymer, MPC- 
EHA copolymer, APC-MMA copolymer, APC-BMA copolymer, HEMA-MMA copolymer, AAm-BMA copolymer, AAm- 
SMA copolymer, VPD-SMA copolymer, VPD-EHMA copolymer, VPD-St copolymer, and HEMA-MA copolymer. 
[0091] Although there is no particular restriction as to the compositional ratio of the hydrophilic monomer unit to the 
hydrophobic monomer unit in the above-mentioned copolymer, the ratio of the former to the latter is preferably 1 :0.001 
~ 100, particularly 1:0.01 - 10. The molecular weight of such copolymer is usually preferred to fall within the range 
of, in terms of number average molecular weight, from 1 ,000 — 1 ,000,000. 

[0092] The above-described hydrophilicity-imparted molded article can be fabricated by, in a single solvent of an 
alcohol, water, DM Ac, DMF, or DMSO, or a mixed solvent thereof, polymerizing the hydrophilic monomer with the 
hydrophobic monomer in the presence of a suitable radical polymerization initiator such as an azo-type initiator or a 
peroxide-type initiator to prepare a solution of a copolymer having a hydrophilic monomer unit and a hydrophobic 
monomer unit, immersing the molded article or the crosslinked molded article after energy beam irradiation in the 
copolymer solution, and drying the resulting molded article to form a membrane containing the copolymer constituted 
of the hydrophilic monomer unit and the hydrophobic monomer unit; or by applying the copolymer solution onto the 
desired surface of the molded article or the crosslinked molded article after energy beam irradiation by coating or 
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spraying, and drying the coat to give a membrane containing the copolymer having a hydrophilic monomer unit and a 
hydrophobic monomer unit. 

[0093] Although there is no particular restriction as to the thickness of the membrane comprising the copolymer 
constituted of a hydrophilic monomer unit and a hydrophobic monomer unit, a thickness of 0.001 — 1 00 u,m is suitable. 
[0094] It is also possible to fabricate the hydrophilicity-imparted molded article by molding the copolymer having a 
hydrophilic monomer unit and a hydrophobic monomer unit in the form of a film, sheet, tube, or filaments, bringing the 
molded article thus obtained into tight contact with the above-described molded article or the crosslinked molded article 
after energy beam irradiation, and heat-treating the two articles at a suitable temperature within the range of from room 
temperature to about 200°C to bond them together firmly into one piece; or by blending the copolymer of the present 
invention with the copolymer constituted of a hydrophilic monomer unit and a hydrophobic monomer unit in a conven- 
tional manner and then molding the blend into an integrally molded article. 

[0095] The molded article containing the copolymer comprised of a hydrophilic monomer unit and a hydrophobic 
monomer unit, and the molded article or the crosslinked molded article after energy beam irradiation can be firmly 
combined into one piece just by bringing the two components into tight contact. 

[0096] The surface of the molded article of the present invention may be chemically modified after the molding. 
Insofar as the surface of the resulting article is chemically modified and provided with substituents whereby a chemical 
reaction can proceed smoothly, there is no particular restriction as to how the surface is treated. 
[0097] Exemplified as the way of chemically modifying the surface are chemical treatment with an alkali, an acid, or 
a chemical modifier; a variety of discharge treatments, such as colona discharge treatment, glow discharge treatment, 
and low-temperature plasma treatment, in the presence of a gas containing oxygen gas, nitrogen gas, argon gas, 
tetrafluoro methane gas, etc.; ozone treatment; ionizing active energy ray treatments such as ultraviolet ray or electron 
beam radiation; and flame treatment. 

[0098] Moreover, after the above-described chemical modification for providing substituents with which a chemical 
reaction can proceed smoothly has been effected, the surface of the molded article may be chemically bonded further 
with a polymer of a monomer composition containing a monomer unit having a group capable of making a covalent 
bond with the substituents provided on the surface of the molded article. 

[0099] Examples of a monomer containing a monomer unit having a substituent capable of making a covalent bond 
for use in the monomer composition are (meth)acrylic acid, aconitic acid, itaconic acid, methaconic acid, citraconic 
acid, fumaric acid, maleic acid, methaconic acid, vinylsulfonic acid, acrylamide-2-methylpropane sulfonate, vinylsul- 
fonic acid, and a variety of their metal salts, 2-hydroxyethyl (meth)acrylate, monogiycerol methacrylate, N-(tris(hy- 
droxymethyl)methyl)acrylamide, maleic anhydride, glycidyl (meth)acrylate, allylamine, aminoethyl (meth)acrylate, and 
glycidyl methacrylate. 

[0100] In the monomer composition, examples of preferred monomers that are further copolymerizable may include 
hydrophilic macromonomers such as N,N-dimethylaminopropyl (meth) acrylamide, N,N-dimethylaminoethyl (meth) acr- 
ylamide, N.N-dimethylaminoethyl (meth)acrylate, their quarternary salts, 2-vinylpyridine, 3-vinylpyridine, 4-vinylpyrid- 
ine, 2-vinylimidazole, N-methyl-2-vinylimidazole, N-vinylimidazole, (meth)acrylamide, N-methyl (meth) acrylamide, N, 
N-dimethyl (meth) acrylamide, N-ethyl (meth) acrylamide, N-isopropyl (meth)acrylamide, N-t-butyl (meth)acrylamide, 
vinyl methyl ether, polyethylene glycol (meth)acrylate, N-vinyipyrrolidone, N-(meth)acryloylpyrrolidone, acryloylmor- 
pholine, maleic imide, and vinyl acetate; styrenic monomers such as styrene, methylstyrene, chloromethylstyrene, and 
aminostyrene; monoalkyl (meth) aery lates such as methyl (meth) aery late, ethyl (meth)acrylate, butyl (meth) aery late, 
dodecyl (meth)acrylate, cetyl (meth)acrylate, stearyl (meth)acrylate, cyclohexyl (meth) aery late, and 2-ethylhexyl (meth) 
acrylate; reactive functional group-containing (meth)acry lates such as glycidyl (meth) aery I ate, and (meth) acryloy- 
loxyethyltrimethoxysilane; urethane-modified (meth) aery lates such as 2-(meth)acryloyloxyethylbutylurethane, 2- 
(meth)acryloyloxyethylbenzylurethane, and 2-(meth)acryloyloxyethylphenylurethane; ethyl vinyl ether, butyl vinyl ether, 
vinyl acetate, vinyl chloride, vinylidene chloride, ethylene, propylene, isobutylene, diethyl fumarate, diethyl maleate, 
acrylonitrile, vinylbenzylamine, various hydrophobic macromonomers, and compounds having a side chain represented 
by the formula (7). 

[0101] Examples of the compounds having a side chain represented by the formula (7) are MPC, 3-(meth)acryloy- 
loxypropyl-2^trimethylammonio)ethyl phosphate, 4-(meth)acryloyloxybutyl-2 , -(trimethylammonio)ethyl phosphate, 5- 
(meth)acryloyloxypentyl-2 , -(trimethylammonio)ethyl phosphate, e-^ethJacryloyloxyhexyl-^-ftrimethylammonioJethyl 
phosphate, 2-(meth)acryloyloxyethyl-2 , -(triethylammonio)ethyl phosphate, 2-(meth)acryloyloxyethyl-2'-(tripropylam- 
monio) ethyl phosphate, 2-(meth)acryloyloxyethyl-2'-(tributylammonio)ethyl phosphate, 2-(meth)aryloyloxypropyl-2'- 
(trimethylammonio)ethyl phosphate, 2-(meth) acryloyloxybutyl^'-ftrimethylammonio) ethyl phosphate, 2-(meth) acry- 
loyloxypentyl-2'-(trimethylammonio) ethyl phosphate, 2-(meth)acryloyloxyhexyl-2 , -(trimethylammonio) ethyl phos- 
phate, 2-(vinyloxy)ethyl-2'-(trimethylammnoio)ethyl phosphate, 2-(anyloxy)ethyl-2'-(trimethylammonio)ethyl phos- 
phate, 2-(p-vinylbenzyloxy)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzoyloxy)ethyl-2'-(trimethylam- 
monio)ethyl phosphate, 2-(styryloxy)ethyl-2 , -(trimethylammonio)ethyl phosphate, 2-(p-vinylbenzyl)ethyl-2'-(trimethyl- 
ammonio)ethyl phosphate, 2-(vinyloxycarbonyl)ethyl-2 , -(trimethylammonio)ethyl phosphate, 2-(allyloxycarbonyl)ethyl- 
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2'-(trimethylammonio)ethyl phosphate, 2-(acryloylamino)ethyl-2'-(trimethylammonio)ethyl phosphate, 2-(vinylcarbo- 
nylamino)ethyl-2Xtrimethylammonio)ethyl phosphate, 2- (al ly loxyca rb onyl am ino)ethy!-2'- (trim ethyl ammo nio) ethyl 
phosphate, 2-(butenoyloxy)ethyl-2'-(tnmethylammonio)ethyl phosphate, 2-(crotonoyloxy)ethyl-2'-(trimethylammonio) 
ethyl phosphate, ethyl-(2'-trimethylammonioethylphosphorylethyl) fumarate, butyl-(2'-trimethylammonioethylphospho- 
5 rylethyl) fumarate, and hydroxyethyl-(2'-trimethylammonioethylphosphorylethyl) fumarate. 

[0102] Further, as a polymer obtainable by copolymerizing the monomer composition mentioned above, a polymer 
having both a side chain represented by the formula (9) and amino group is preferred. 

[0103] Although there is no particular restriction as to the content of the monomer containing a monomer unit having 
a substituent capable of making a covalent bond, it is preferred to be, per 100 parts by weight of all the monomer 

w components in the monomer composition, 0.001 to 50 parts by weight, particularly 0.1 to 10 parts by weight. 

[01 041 Tne polymer obtained by polymerizing the above-mentioned monomer composition may be formed according 
to a publicly known solution polymerization method, emulsion polymerization method, or suspension polymerization 
method. In any case, the polymer can be obtained by the radical polymerization under the conditions of a polymerization 
temperature of 0 ~ 100°C and a polymerization time of 10 minutes ~ 48 hours, in a polymerization system optionally 

15 gas-exchanged with such an inert gas as nitrogen, carbon dioxide, and helium or put in an atmosphere of such inert gas. 
[0105] Exemplified as a polymerization initiator to be used in the radical polymerization are 2,2'-azobis(2-amidino- 
propane)dihydrochloride, 4,4 , -azobis(4-cyanovaleric acid), 2,2'-azobis (2- (5-methyl-2-imidazolin-2-yl)propane)dihy- 
drochloride, 2,2 , -azobis(2-(2-imidazolin-2-yl)propane)dihydrochloride, 2,2'-azobisisobutytamide dihydrate, ammonium 
persulfate, potassium persulfate, benzoyl peroxide, diisopropylperoxydicarbonate, t-butylperoxy-2-ethylhexanoate, t- 

20 butylperoxypivalate, t-butylperoxydiisobutylate, lauroyl peroxide, azobisisobutylonitrile (hereinafter, abbreviated as 
AIBN), 2,2'-azobis(2 ( 4-dimethylvaleronitrile), and t-butylperoxyneodecanoate (e.g., trade name "PERBUTYL ND" man- 
ufactured by NOF Corporation) (hereinafter, abbreviated as P-ND), and these can be used either singly or as a mixture. 
As the radical polymerization initiator, a variety of redox-type accelerators may also be employed. 
[0106] The radical polymerization initiator may be used in an amount of 0.01 to 5.0% by weight relative to the sum 

25 of the initiator and the monomer component(s). 

[0107] The polymer can be purified by a publicly known reprecipitation method, dialysis method, or ultrafiltration 
method. 

[0108] It is preferred that the polymer thus obtained has a weight average molecular weight of 1 ,000 ~ 5,000,000, 
particularly 10,000 ~ 500,000. 

30 [0109] It is possible to allow the polymer to react with the aforementioned molded article, depending on the species 
of the substituent introduced into the polymer and capable of making a chemical bond, and on the species of the 
substituent introduced onto the surface of the molded article due to which a chemical reaction smoothly proceeds. 
[0110] For example, in the case where the polymer is one that has an amino group and carboxyl groups have been 
introduced onto the surface of the molded article, with the aid of a variety of condensation agents such as dicylohex- 

35 ylcarbodiimide, or a water-soluble carbodiimide, these substituents may be amide-bonded each other. In the case 
where the polymer is one that has an epoxy group and amino groups have been introduced onto the surface of the 
molded article, chemical bonds therebetween may be formed by heating. 

[0111] The ophthalmic material of the present invention is a material for use in contact lenses, intraocular lenses, 
etc., which is one or more of the molded articles having been processed in any desired shape . With the material that 
40 has been processed in the desired shape, contact lenses or intraocular lenses may be produced in accordance with 
a publicly known process. Moreover, the ophthalmic material such as contact lenses and intraocular lenses thus ob- 
tained may be subjected to a variety of publicly known treatments such as surface treatment. 

[0112] The medical material of the present invention is a material obtained by processing at least one of the various 
molded articles described above in the desired form so as to be available for use in, e.g., artificial heart valves, artificial 
45 hearts, lead wires for heart pacemakers, and antithrombotic materials of varied forms. Any of publicly known processing 
techniques can be employed. 

[01 1 3] In the various molded articles of the present invention described above, the proportions of the silicone segment 
and the aramid segment are controllable arbitrarily. Therefore, the degree of flexibility in adjusting mechanical strength 
and other physical properties to the required levels is high. Further, the molded articles of the present invention are 
so heat-moldable and heat-fusible. They are thus suitable for manufacturing a orie-piece product such as an intraocular 
lens that is required to have different properties from part to part. That is, elements having best composition for each 
part may readily be assembled and shaped by thermal processing. 

[01 1 4] For example, the center part of the optical member of the intraocular lens may be made of a resin having high 
content of a silicone segment having aromatic groups such as a phenyl group, for giving high refractive index and 
55 softness. The peripheral part of the optical member may be made of a resin having high content of a silicone segment 
having a lower alkyl group such as dimethylsiloxane for the purpose of imparting softness even at the low refractive 
index. Since its fixation members are required to have high strength, they may be made of a resin having high content 
of the amide segment . The desired intraocular lens may be obtained by combining these components into one piece. 
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Further, fusion molding with other base materials may readily be performed. 

[0115] The cosmetic composition of the present invention contains the copolymer of the present invention, any of 
the various molded articles thereof, or a mixture of these. Mentioned as examples of cosmetics are ultraviolet ray 
blocking agents, cosmetics for skin, lipsticks, nail lacquers, mascara, shampoo, hair styling lotions, and hair lacquers. 

5 [0116] Incorporation of the cosmetic composition of the present invention into cosmetics imparts not only excellent 
water resistance, oil resistance, durability, and ultraviolet ray blocking properties but also the capability of keeping the 
style of for example hair thereto. In the cosmetic composition, the proportion of the copolymer of the present invention 
and/or any of the various molded articles of the present invention may be suitably selected according to the kind of the 
cosmetic product to be produced or its purpose. Usually, the desired effect may be obtained by incorporating the 

10 copolymer of the present invention and/or any of the various molded articles of the present invention in such an amount 
as to account for 0.05 to 50% by weight of the total amount of the resulting cosmetic product. 

[0117] To the cosmetic composition of the present invention may be added various drugs and medicines or quasi- 
drugs which are normally incorporated into cosmetics, such as oils and fats, essential oils, galenicals, organic acids, 
inorganic salts, inorganic acids, esters, alcohols, amino acids, enzymes, animal and vegetable extracts, surfactants, 
15 antioxidants, sterilizers, ultraviolet ray blocking agents, pigments, and flavors, in suitable amounts provided that the 
desired effect of the copolymer of the present invention is not adversely affected. 

[0118] The electronic material of the present invention contains the copolymer of the present invention, any of the 
various molded articles of the present invention, or a mixture thereof. Thus, the material suitably has excellent fatigue 
resistance, wear resistance, creep characteristics, heat resistance, water resistance, dimensional stability, vibration 

20 absorbing properties, self-extinguishability (flame retardancy), etc. 

[0119] In the electronic material of the present invention, the proportion of the copolymer of the present invention 
and/or any of the various molded articles of the present invention is suitably selected depending on the kind of electronic 
material. Moreover, besides the copolymer of the present invention and others, to the electronic material may be added 
other components and a variety of additives depending on the type of the electronic material. It is also possible to 

25 modify the characteristics of the surface to a large extent by, for example, subjecting the surface to hydrophilization 
treatment using, e.g., the above-described hydrophilic-hydrophobic copolymer or the like. 

[0120] Since the present copolymer has a dialkylsiloxane unit and an amide unit and part or all of the amino groups 
remaining at ends have been treated, the copolymer is excellent in biocompatibility and mechanical strength, and the 
molded article thereof is excellent also in heat resistance and available for use in a wide range of medical materials, 

30 ophthalmic materials, cosmetic materials, electronic materials, etc. 

[0121] Since the various molded articles of the present invention are substantially made of the copolymer of the 
present invention, they are excellent in biocompatibility, mechanical strength, and heat resistance, and substantially 
free from solvent inevitably comes into the production system. Accordingly, the molded articles of the present invention 
are useful for fibers, powders, sheets, laminated sheets, tubes, artificial heart valves for medical use, artificial hearts, 

35 lead wires for heart pacemakers, contact lenses, intraocular lenses, etc. 

[0122] Further, since the cosmetic composition of the present invention shows not only excellent water resistance, 
oil resistance, durability, and ultraviolet ray blocking properties when applied onto to the skin, but also the capability 
of keeping the shape of hair, it is available for use in various cosmetic products such as ultraviolet ray blocking agents, 
cosmetics for skin, lipsticks, nail enamels, mascara, shampoo, hair styling lotions, and hair lacquers. 

40 [0123] Furthermore, in the field of, e.g., electronics an d optelectronics, the electronic material of the present invention 
is. useful as an electricity insulating material or varnish having both heat resistance and flexibility, a motor, an infilling 
resin of a transformer, a cable covering, an optical fiber (core/clad layer) material, an alignment film for liquid crystal 
devices, a spacer for liquid crystal devices, a sealing agent for liquid crystal devices, an optical connector, a conductive 
elastic connector, an optical louver, a binder resin for electrophotographic printer-use (color) toner, a toner for (color) 

45 copying machines/a raw material of a transfer (heat roll) drum, a multilayer circuit board, or a material for transistor 
protecting layers. 

[0124] The copolymer and various molded articles of the present invention can be utilized for other general applica- 
tions, such as adhesives/pressure sensitive adhesives (solvent-free type, room temperature-curing type), paints, coat- 
ing agents, solid fuel binders, water resistant/chemical resistant covering films (cold application type), sealing agents 

so for construction/engineering, automobile windshield adhesion sealing agents, materials for footwear (soles, heels),' 
floor materials, industrial elastic materials (car bodies, bumpers for cars, belts, hoses, rubber vibration isolators, pack- 
ing), elastic fiber raw materials for tires, synthetic leather, leather impregnants, a variety of foam materials, reactive 
modifiers(reactive softeners, plasticizers, crosslinking auxiliaries, grafting agents) for rubber or plastics, soil stabilizing 
and improving agents, fiber treatment agents, rubber asphalt, gas turbine parts, and coating agents for engine parts. 

55 [0125] Hereinafter, the present invention will be described in further detail referring to examples, test examples, and 
comparative examples, but the present invention is not limited thereto. 

[0126] Each measurement in examples was carried out under the conditions as specified below. 
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<Measurement of Molecular Weight> 

[0127] The molecular weight was determined by GPC. The conditions for GPC are as specified below. 
[0128] GPC system: SC-8020, SD-8013, CCPE-II, AS-8010, CO-8010, and PS-8010 manufactured by Tosoh Cor- 
5 poration. 

Column: Mixed-B x 2 manufactured by Polymer Laboratories 
Rl detector: L-3300RI manufactured by Hitachi Ltd. 
Column oven temperature: 60°C 
10 Eluent: DMAc/MEK = 3/1 0 (volume) + 10 mM LiCI 

Standard sample: converted using a calibration curve of standard polystyrene 

< 1 H-NMR Measurement 

15 [0129] 

NMR system: JEOL JNM-EX 270 FT-NMR 
Solvent: DMF-d 6 :CCI 4 = 3:7 (volume ratio) 
Base peak: peak due to >Si(CH 3 ) 2 was set at 0.0749 ppm 

20 

<Measurement of Refractive lndex> 

[0130] Measured by an Abbe's refractometer (manufactured by Atago Co., Ltd., 2T-Model). 
25 Comparative Example 1 

[0131] 1 .00 g (0.005 mol) of 3,4'-diaminodiphenyl ether (hereinafter, abbreviated as 3,4'-DAPE), 4,2 g (0.0025 mol) 
of bis(aminopropyl)polydimethylsiloxane (hereinafter, abbreviated as PDMS-dNH 2 ) (number average molecular weight: 
1680), 1 .52 g (0.015 mol) of triethylamine, 1 .52 g (0.0075 mol) of isophthalic chloride (hereinafter, abbreviated as IPC), 
30 and 50 ml of a mixed solvent (DMAc:THF = 1:1) were mixed together. Then, the mixture was allowed to undergo 
reactions at 0°C, stirred for 20 minutes, and reacted for another 70 minutes at room temperature. The reaction solution 
thus obtained was poured into 100 ml of methanol to isolate a polymer. 

[0132] After having been dissolved in a DM Ac solvent, the polymer obtained was filtered with a 0.5u.m membrane 
filter and subjected to reprecipitation purification in methanol twice to give 5.81 g (yield: 94.1%) of a purified polymer. 
35 The purified polymer was dried under reduced pressure, to obtain a polydimethylsiloxane/polyamide copolymer. Having 
a siloxane component content of about 70% by weight, the polymer thus obtained will be hereinafter abbreviated as 
PN-1 7-70. The molecular weight and the refractive index of PN-1 7-70 were determined by GPC. The results are shown 
in Table 1 . 

40 Example 1 

[0133] 1 .00 g (0.005 mol) of 3,4'-DAPE, 4.2 g (0.0025 mol) of PDMS-dNH 2 (number average molecular weight: 1 680), 
1 .52 g (0.01 5 mol) of triethylamine, 1 .52 g (0.0075 mol) of IPC, and 50 ml of a mixed solvent (DMAc:THF= 1 :1 ) were 
mixed together. Then, the mixture was allowed to undergo reactions at 0°C, stirred for 20 minutes, and reacted for 
45 another 70 minutes at room temperature. Thereafter, to the resulting solution was added a mixed solution of 0.059 g 
(0.00075 mol) of acetyl chloride and 1 ml of the mixed solvent dropwise, and the mixture was stirred for 30 minutes. 
At 0°C, to the mixture were added 0.076 g (0.00075 mol) of triethylamine and 1 ml of the mixed solvent, and the resulting 
mixture was stirred for 30 minutes. The reaction solution thus obtained was poured into 1 00 ml of methanol to isolate 
a polymer. 

so [0134] After having been dissolved in a DMAc solvent, the polymer obtained was filtered with a 0.5u,m membrane 
filter and subjected to reprecipitation purification from methanol twice to give 5.81 g (yield: 86.5%) of a purified polymer. 
The purified polymer was then dried under reduced pressure, to give a polydimethylsiloxane/polyamide copolymer. 
Having a siloxane component content of about 70% by weight, the polymer thus obtained will be hereinafter abbreviated 
as p-i7_7o. The molecular weight as determined by GPC and its refractive index measured are shown in Table 1 . 

55 [0135] The results of 1 H-NMR were 0.0749 ppm (s, >Si(CH 3 ) 2 ), 0.6 ppm (t, >Si-CH 2 CCN<), 1.6 ppm (m, >Si- 
CCH 2 CN<), 3.3 ppm (m, >Si-CCCH 2 N<), 6.6-8.7 ppm (m, Ph), 8.3, 1 0.3 ppm (s, -NHCO-), and 2.74, 2.91 , 7.91 (DMF- 
d 6 ), indicating that the main chain of the polymer obtained was a mixture having the following structure, n 1 is 20.2 on 
average. 
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[0136] Thereafter, the quantity of the amino groups remaining at ends of P-17-70 obtained was determined in the 

io following manner (FITC method). 

[0137] Each of 1 g of the polymer P-17-70 and 1 g of the polymer PN-17-70 synthesized in Comparative Example 
1 were separately dissolved in 10 g of DM Ac, and 0.01 g of FITC (fluorescein isothiocyanate) was added to each 
mixture and dissolved completely. Then, each mixture was stirred at room temperature for 30 minutes and poured into 
100 ml of methanol to reprecipitate the resulting polymer, and unreacted FITC was removed therefrom by washing. 

15 After having been dissolved in 10 g of DM Ac, each polymer was reprecipitated in 100 ml of methanol and washed 
again. With the absorbance of the washing liquid kept measured, the reprecipitation and washing were repeated until 
the absorbance at 490 nm became equivalent to that of the solvent itself. P-17-70 and PN-17-70 were reprecipitated 
and washed for 1 6 times and 20 times, respectively. At this point, each polymer was dried in a vacuum oven at 1 20°C 
for 24 hours. After drying, 0.1 wt% DM Ac solutions were prepared and the absorbance of each solution at 490 nm was 

20 measured. The amount of the amino groups remaining in P-17-70 was determined utilizing the values obtained above 
in accordance with the following formula. 



25 

[0138] Therefore, the percentage of the residual amino groups left unreacted in P-17-70 was 2.3% of that of the 
polymer prepared in Comparative Example 1 , indicating that the proportion of X 1 and X 2 in the formulae (5) and (6) 
being hydrogen atoms was 10% or less relative to all of the end groups of the copolymer obtained. 

30 Examples 2 to 4 

[0139] A polydimethylsiloxane/polyamide copolymer was synthesized in the same manner as in Example 1 with the 
exception that the blending ratio of 3,4'-DAPE, PDMS-dNH 2 , and IPC were changed as shown in Table 1 . The yield, 
molecular weight, and the refractive index were measured in the same manner as in Example I.The results are shown 
35 in Table 1 . Based on the proportion of the siloxane component in each copolymer obtained, the copolymer of Example 
2, the copolymer of Example 3, and the copolymer of Example 4 will be hereinafter abbreviated as P-1 7-20, P-1 7-50, 
and P-1 7-80, respectively. 



[0140] 6.01 g (0.03 mol) of 3,4'-DAPE, 40.5 g (0.045 mol) of PDMS-dNH 2 (number average molecular weight: 900), 
15.2 g (0.15 mol) of triethylamine, 15.2 g (0.075 mol) of IPC, and 250 ml of a mixed solvent (DMAc:THF =1:1) were 
mixed together. Then, the mixture was allowed to undergo reactions at 0°C, stirred for 30 minutes, and reacted at room 
temperature for another 60 minutes. To the resulting solution was added a mixed solution of 0.59 g (0.0075 mol) of 

45 acetyl chloride and 1 0 ml of the mixed solvent mentioned above dropwise, and the mixture was stirred for 5 minutes. 
At 0°C, to the mixture were added 0.76 g (0.0075 mol) of triethylamine and 1 0 ml of the mixed solvent, and the mixture 
was stirred for 30 minutes. The reaction solution th us obtained was poured into 1 00 ml of methanol to isolate a polymer. 
[0141] After having been dissolved in a DM Ac solvent, the polymer was filtered with a 0.5u.m membrane filter and 
subjected to reprecipitation purification from methanol twice to give 52.7 g (yield: 85.3%) of a purified polymer. The 

so purified polymer was dried under reduced pressure, to give a polydimethylsiloxane/polyamide copolymer. Having a 
siloxane component content of about 70% by weight, the polymer thus obtained will be hereinafter abbreviated as P- 
9-70. The molecular weight measured by GPC and the refractive index of P-9-70 were determined. The results are 
shown in Table 1. 

55 Example 6 



(absorbance of P-17-70)/(absorbance of PN-17-70) = 0.02/0.87 = 0.023 



Example 5 



40 



[0142] 11 .13 g (0.055 mol) of S^'-DAPE, 60.0 g (0.02 mol) of PDMS-dNH 2 (number average molecular weight: 
3,000), 15.2 g (0.15 mol) of triethylamine, 15.2 g (0.075 mol) of IPC, and 250 ml of a mixed solvent (DMAc:THF = 1: 
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1 ) were mixed together. Then, the mixture was allowed to undergo reactions at 0°C, stirred for 30 minutes, and reacted 
at room temperature for another 60 minutes. To the resulting solution was added a mixed solution of 0.59 g (0.0075 
mol) of acetyl chloride and 10 ml of the mixed solvent mentioned above dropwise, and the mixture was stirred for 5 
minutes. At 0°C, to the mixture were added 0.76 g (0.0075 mol) of triethylamine and 10 ml of the mixed solvent, and 
5 the mixture was stirred for 30 minutes. The reaction solution thus obtained was poured into 100 ml of methanol to 
isolate a polymer. 

[0143] After having been dissolved in a DMAc solvent, the polymer was filtered with a 0.5u/n membrane filter and 
subjected to reprecipitation purification from methanol twice to give 75.5 g (yield: 93.5%) of a purified polymer. The 
purified polymer was dried under reduced pressure, to give a polydimethylsiloxane/polyamide copolymer. Having a 
10 siloxane component content of about 70% by weight, the polymer thus obtained will be hereinafter abbreviated as P- 
30-70. The molecular weight measured by GPC and the refractive index of P-30-70 were determined. The results are 
shown in Table 1. 

Example 7 

15 

[0144] Exceptthat 5.0 g (0.0025 mol) of bis (aminopropyl)methylphenyipolysiloxane (phenyl group content: 5.2 mol%, 
molecular weight: 2,000) (hereinafter, abbreviated as MPhPS-dNH 2 ) was employed in place of PDMS-dNH 2 , polym- 
erization, post-treatment, and measurements were carried out in the same manner as in Example 1 . The polymer 
obtained will be hereinafter abbreviated as P-P-20-70. The results of analysis are shown in Table 1 . 

20 

Test Example 1 

[0145] According to JIS K 7210 (ASTM D 1 238), the melt flow rate (M.RR.) of the copolymer synthesized in Example 
1 was measured. The result is shown in Table 1 . 

25 [0146] According to JIS K 7199 (ASTM D 3875), the flowability (viscosity) of each of the copolymers synthesized in 
Examples 1 to 7 and Comparative Example 1 was measured using a capillary rheometer. Each copolymer was molded 
into rods having a diameter of 1 mm at 220°C (orifice diameter: 1 mm), for flowability measurement. As a result, an 
extremely large decrease in strength was observed only for PN-1 7-70 synthesized in Comparative Example 1 . In ad- 
dition, only PN-1 7-70 turned light brown and its surface was found to be sticky like a silicone oil, revealing that decom- 

30 position of PN-1 7-70 in which the terminal amino groups have not been treated is greatly accelerated when exposed 
to high temperatures, particularly together with application of mechanical stress. 



35 



40 



45 



50 



55 



Table 1 



EP1 116 740 A1 



10 



20 





Example 
1 


Example 
2 


Example 
3 


Example 
4 


Example 
5 


Example 
6 


Example 
7 


Comp . Ex 
.1 


Starting 
material 


3,4'- 
DAPE 


1.00 


14.0 


12.0 


5.00 


6.01 


11.13 


1.00 


1.00 


PDMS- 
dNH 2 


4,20 


8.43 


25.2 


84.1 


40.5 


60.0 


5.00 


4 .20 


IPC 


1.52 


15.2 


15.2 


15.2 


15.2 


15 .2 


1.52 


1.52 


Abbreviation 
of copolymer 


P-17- 
70 


P-17- 
20 


P-17- 
50 


P-17- 
80 


P-9-70 


P-30- 
70 


P-P- 
20-70 


PN-17- 
20 


Yield (g) 


5.81 


31.8 


45.3 


93.3 


52.7 


75.5 


6.10 


5.81 


Yield(%> 


86.5 


98.8 


96.3 


94.5 


85.3 


93.5 


81.1 


94.1 


Mw 


87000 


149000 


79000 


110000 


39000 


141000 


81000 


87000 


Mw/Mn 


2.08 


1.92 


2.55 


2.52 


1.82 


3.99 


1.95 


2.08 


M.f *R 


7.4 
















Refractive 
index n 20 o 


1.49 


1.60 


1.54 


1.46 


1.49 


1.47 


1.58 


1.49 



PDMS-dNH 2 Number Average Molecular Weight: 900 (Examples), 3000 



25 (Example 6) , 1680 (Examples lto 4), 2000 (Example 7) ; In Example 
7, replaced with MPhPS-dNH 2 

30 Example 8 

[0147] Each of the polydlmethylsiloxane/polyamide copolymers synthesized in Examples 1 to 4 was dissolved in 
DM Ac to prepare a 1 0 wt% solution. After having been filtered with a 0.5u.m membrane filter, each solution was spread 
on a petri dish made of fluororesin (diameter: 10 cm) and heated on a hot plate for 6 hours to form a cast membrane 

35 (thickness: about 100um). 

[0148] Each of the cast membranes obtained was subjected to thermogravimetry using a thermogravi meter (TG- 
210, manufactured by Seiko Instruments Inc.). Measurements by 1 H-NMR made on each cast membrane before and 
after the thermogravimetry revealed that the existence of residual DMAc, used as a solvent in the production, in the 
membranes before the thermogravimetry. As a typical example, for the cast membrane of P-1 7-70, the relation between 

40 the temperature and the weight loss (%) in the thermogravimetry is shown in Figure 1 . On the assumption that the 
weight loss of the cast membrane at 150 to 250°C is due to the solvent DMAc, the relation between the drying time of 
each cast membrane at 1 20°C and the weight of the residual solvent is shown in Figure 2. It was observed that weight 
decrease of P-1 7-50, i.e. the cast membrane made from a polymer having a siloxane component content of 50wt% or 
higher, ceased after drying at 120°C for about 150 hours. However, in the case of the cast membrane comprising a 

45 polymer having a siloxane component content of 20wt% or less, removal of 7wt% or more of the solvent under the 
same conditions was difficult. This indicates that the heat drying time under reduced pressure for the cast membrane 
may vary according to the composition of the polymer. 

[0149] Thereafter, the cast membranes completely free from solvent and heat-dried under reduced pressure through 
the thermogravimetry were subjected to analysis by a differential scanning calorimeter (DSC, manufactured by Perkin- 
50 Elmer, Pyris measuring device) . Every cast membrane showed an endothermic peak due to the solvent around 1 70°C, 
indicating the existence of a residual solvent. As atypical example, the result of measurement by a differential scanning 
calorimeter made on the cast membrane of P-1 7-70 is shown in Figure 3 as a. 

Example 9 

55 

[0150] Each of the polydimethylsiloxane/polyamide copolymers synthesized in Examples 1 to 4 was pressed under 
atmospheric pressure by a hot presser heated up to 1 50 to 250°C (manufactured by Toyo Seiki Seisaku-sho, Ltd., Mini 
testpress-10) to fabricate a film having the desired thickness. 
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[0151] The films obtained above were subjected to thermogravimetry using a thermogravimeter (manufactured by 
Seiko Instruments Inc., TG-21 0). Analysis by 1 H-NMR of each film before and after the thermogravimetry revealed the 
absence of residual DMAc in the films before the thermogravimetry. 

[0152] Thereafter, analysis by a differential scanning calorimeter (DSC, manufactured by Perkin-Elmer, Pyris meas- 
5 uring device) was carried out on each of the cast membranes confirmed to be completely free from solvent and heat- 
dried under reduced pressure through the thermogravimetry. None of the heat-molded membranes showed an endo- 
thermic peak due to the solvent. As a typical example, the result of measurement by a differential scanning calorimeter 
made on the film of P-1 7-70 is shown in Figure 3 as b. 

[01 53] From the test results obtained above, it can be seen that the heat-molded article of the present invention does 
10 not show any existence of residual solvent, even if analyzed by DSC which is higher in sensitivity than 1 H-NMR and 
thermogravimetry. 

[0154] Then, for each of the film made with P-1 7-70 and, for comparison, a film made in the same manner from PN- 
1 7-70 using a hot presser, the degree of coloring was examined using a ultraviolet visible ray spectrophotometer (man- 
ufactured by JASCO Corp., Ubest-35). 
15 [0155] The film of PN-17-70 in which the terminal amines had not been treated showed an absorption peak in the 
visible ray region, and therefore coloration was observed. On the other hand, the film made of P-1 7-70 in which the 
terminal amines had been treated showed no absorption in the visible ray region, indicating that film is a transparent 
molded article excellent in heat stability. 

20 Example 10 

[0156] Using an electron beam irradiation device (manufactured by Energy Science Inc., Electron Curtain System, 
Model: CB1 75-15-1 80L), the film of P-1 7-70 fabricated in Example 9 was irradiated with an electron beam at an ac- 
celerating voltage of 1 70 eV and a dose of 0 to 1 00 Mrad. 

25 [0157] Then, the dynamic viscoelasticity of the film after the electron beam irradiation was measured using a Rhe- 
ovibron (Model: DDV-II-C, manufactured by A&D OrientecCo., Ltd.). The results are shown in Figure 4. For comparison, 
the dynamic viscoelasticity of the film of P-1 7-70 fabricated in Example 9 (electron beam irradiation dose: 0) was also 
measured in the same manner. The results are shown in Figure 5. In Figure 4 and Figure 5, G' represents the modulus 
of storage elasticity and G" represents the loss modulus. 

30 [0158] From the results shown in Figure 4 and Figure 5, it can be seen that the mobility of the siloxane segment 
shown in Figure 4 has been suppressed after being crosslinked by the electron beam irradiation. 
[0159] The TG of the film irradiated with an electron beam (20, 30, 50, and 70 Mrad) was measured using a TMA 
measuring device (manufactured by Seiko Instruments Inc.). The results are shown in Figure 6. 
[0160] Figure 6 shows that, in the range of the irradiation intensity, the softening temperature of the test samples 

35 rises as the dose of radiation increases from zero irradiation, indicating a rise in the degree of crosslinking. 

[0161] From the results obtained above and a comparison of Figure 4 with Figure 5, it can be seen that the resonance, 
observed at -150 ~ -100°C, of G' and G" representing the mobility of the siloxane segment is reduced by the electron 
beam irradiation, that is, the mobility of the siloxane segment is restrained. Moreover, from the results shown in Figure 
6, it can be seen that the softening temperature rises as the intensity of irradiation is raised, which results in increase 

40 of crosslinking reactions and degree of crosslinking. This effect is also obvious from an increase of the proportion of 
siloxane. 

Example 1 1 

45 [0162] M PC-BM A copolymer (M PC molar fraction: 0.3, number average molecular weight: 80,000) was prepared as 
1 wt% ethanol solution, and the solution was casted on an aluminum alloy sheet and dried. On the sheet was placed 
a fibrous material of P-1 7-70 prepared in Example 1 , and these were molded into a film on a hot plate heated up to 
180°C. The film thus obtained was immersed in distilled water and ultrasonically washed. The contact angle of the 
washed film was measured. Then, the film was rubbed with a spongy scrubbing brush in a neutral detergent to treat 

so the surface. The contact angle of the treated film was measured. The contact angles of the film measured before and 
after the surface treatment are shown in Table 2. For comparison, the contact angle of a film solely constituted of P- 
17-70 was also measured in the same manner. The results are shown in Table 2. 



Table 2 





P-1 7-70 molded article 


MPC-BMA-P-17-70 complex 


Complex after washing 


Angle of advance (deg.) 


105±10 


5±5 


5±3 
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Table 2 


[continued) 




P-17-70 molded article 


MPC-BMA-P-17-70 complex 


Complex after washing 


Angle of sweepback (deg.) 


70±10 


5±3 


5±2 



Example 12 

[0163] MPC-BMA copolymer (MPC molar fraction: 0.3, number average molecular weight: 80,000) was hot-pressed 
by a hot presser heated to 180°C to give a transparent plate molded article. The plate molded article and the film 
fabricated in Example 9 were brought into tight contact with each other and then put in the hot presser at 1 80°C with 
its hot-pressing plate touching the surface of the film (in this case, application of pressure is unnecessary). Taken out 
of the hot presser after 1 0 seconds was a laminated composite material, in which the plate molded article and the film 
had been completely combined together. 

[0164] An examination by a peel tester resulted in the splitting of the MPC-BMA copolymer layer prior to the delam- 
i nation of the layers at the interface. 

[0165] The composite material was immersed in water. The MPC-BMA copolymer layer took in water and swelled. 
The polydimethylsiloxane/polyamide copolymer layer film fabricated in Example 9 showed almost no change but being 
largely deformed due to a large swelling of the MPC-BMA copolymer layer. However, even when the deformation had 
completed, they did not part at the interface. 

Example 13 

[0166] Using a hot presser, from each of P-17-20, P-17-50, P-17-70, P-17-80, P-9-70, and P-30-70 prepared in 
Examples 1 to 6 was fabricated a film having a thickness of 50 to 1 00 u.m. The oxygen permeability of each of the films 
thus obtained was measured by the vacuum method. The results are shown in Table 3. 



Table 3 





P-1 7-20 


P-17-50 


P-17-70 


P-17-80 


P-9-70 


P-30-70 


Oxygen permeability 


13.8 


75.8 


157 


199 


58.7 


216 


Unit: x 10" 10 cm 3 (STP) cm/cm 2 • sec • mmHg 



[01 67] The results shown in Table 3 indicate that the molded articles made from the copolymer of the present invention 
have a high oxygen permeability (high Dk value) . Accordingly, these molded articles are proved to be useful as ma- 
terials of ophthalmic lenses such as contact lenses and intraocular lenses or as medical materials that are required to 
be gas permeable. 



Example 14 

[0168] Using a hot presser, from each of P-17-50, P-17-70 and P-17-80 prepared in Examples 1, 3 and 4 were 
fabricated five films different in thickness, the thickness ranging from 250 to 800 ^im. The oxygen permeability of each 
of the films thus obtained was measured using an Industrial Products Research Institute-type film oxygen permeability 
meter (K316, IPI TIPE FILM OXYGEN PEAMEABILITY METER, manufactured by Rikaseiki Kogyo Co., Ltd.) with 0.9 
wt.% physiological saline at 35°C. The results are shown in Table 4. 



Table 4 





P-17-50 


P-17-70 


P-17-80 


Oxygen permeability (DK) 


301 


308 


199 


Unit: xlO'^ml (STP) cm/cm 2 • sec • mmHg 



[01 69] The results shown i n Table 4 indicate that the molded articles made from the copolymer of the present i nvention 
have a high oxygen permeability (high Dk value), proving these molded articles to be useful as ophthalmic lens materials 
such as contact lenses and intraocular lenses or as medical materials that are required to be gas permeable. 
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Example 1 5 

[0170] Using a hot presser, P-17-70 synthesized in Example 1 was shaped into a film having a thickness of 238 |xm. 
The ultraviolet and visible ray absorption spectrum of the obtained film was measured by a ultraviolet and visible ray 
5 spectrophotometer. The result is shown in Figure 7 as X. For comparison, the result of ultraviolet visible ray spectrometry 
of a conventional hard contact lens made of poly(methyl methacry late/si licone) (shown as Y in Figure 7) and that of a 
human crystalline lens (shown as Z in Figure 7) are shown in Figure 7 together. 

[0171] From the results shown in Figure 7, it can be seen that the the molded article (X) molded from the copolymer 
of the present invention exhibits greater absorption in the ultraviolet ray region than the spectrum (2) of the transparent 
10 tissues of the eyeball, and that the molded article has the ultraviolet ray blocking effect, i.e., effect for protecting the 
macula lutea from a harmful ray such as ultraviolet rays, and therefore is useful as a medical or ophthalmic material 
which may be used outdoors. 

Example 1 6 

15 

[0172] Using a hot presser, each of P-17-50, P-17-70, and P-17-80 prepared in the above-mentioned Examples was 
shaped into a film having a thickness of 1 mm, and 30 films were made from each polymer. The films thus obtained 
were piled up to a thickness of 30 mm, and the hardness was determined by a Shore hardness tester. The results are 
shown in Table 5. 

20 

Table 5 





P-1 7-50 


P-17-70 


P-17-70 


Shore hardness 


A/90, D/40 


A/85, D/25 


A/45 



25 

[0173] From the results shown in Table 5, it can be seen that the molded article of P-17-50 is useful for fixation 
members of intraocular lenses, (semi)hard contact lenses, etc., and that each of the molded articles made of P-17-70 
and P-17-80 has a useful hardness as a material for soft contact lenses, soft-type intraocular lenses which, in the 
operation, can be inserted through a small incision. 

30 

Example 1 7 



[0174] According to "Biomaterials, 13, 113 (1992)", from whole human blood were prepared platelet-rich plasma and 
platelet-poor plasma, and a platelet suspension having a concentration of 2 x 10 5 /mm 3 was prepared by mixing them 
35 together. 

[0175] Using a hot presser, each of P-17-50, P-17-70, and P-17-80 prepared in Examples described above was 
molded into a film having a thickness of 200 u,m. For comparison, a Biomer film (manufactured by Ethicon Inc.) and a 
Silastic film (manufactured by Dow Corning Co.) were used. Each film was punched out in the form a disk of 18 mm 
in diameter, and the disk film was inserted into a 24-well multiwell, followed by the injection of 0.8 ml of the platelet 

40 suspension prepared above. At 37°C, the films were allowed to stand stili for 15 minutes to bring platelet into contact 
with the films. Then the films were taken out of the multiwell and gently washed with a phosphoric acid buffer solution. 
According to a conventional method, samples for scanning electron microscopic (SEM) observation were prepared. In 
the scanning electron microscopic observation, the number of platelets adhered to the air-side surface of each film 
and the state of the platelets were observed using an EMX-SM manufactured by Shimadzu Corp. The results are 

45 shown in Table 6. 



Table 6 



Material 


The number of platelets adhered (/3960u, m 2 ) 


Form of platelet 


P-17-50 


1 


No change in the form 


P-17-70 


0 


No change in the form 


P-17-80 


0 


No change in the form 


PN- 17-70 


3 


Not much change in the form 


Silastic 


2 


Not much change in the form 


Biomer 


6 


Changes in the form with extended pseudopodium 
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[01 76] The results shown in Table 6 indicate that the molded articles made from the copolymer of the present invention 
have antithrombotic properties and are useful particularly as materials for medical devices having the possibility of 
coming into contact with blood. 

5 Example 18 

[0177] The polymer (P-17-70) prepared in Example 1 was put in a metal mold made of SUS316L cut in the shape 
of a lens, and heat-molded by applying a load of 10 kgf/cm 2 at 200°C for 1 minute. As a result, there was provided a 
colorless, transparent molded article shaped along the mold. 

10 

Example 19 

[0178] Using a metal mold made of SUS31 6L cut to have the shape corresponding to that of a plate-type intraocular 
lens, the polymer (P-17-70) prepared in Example 1 was put in an optical member-molding area, and the polymer (P- 
15 1 7-80) prepared in Example 4 in fixation member-molding areas. Under a load of 1 0 kgf/cm 2 , heat molding was carried 
out at 200°C for 1 minute, providing a colorless, transparent molded article shaped along the metal mold, the molded 
article corresponding to a plate-type intraocular lens. The juncture between two kinds of polymers was even from optical 
and mechanical viewpoints, and visual inspection of the molded article could not tell where the boundary was. 

20 Example 20 

[0179] 4.0 parts by weight of microcrystalline wax, 3.0 parts by weight of liquid paraffin, 1 .0 part of sorbitan sesqui- 
oleate, 39.0 parts by weight of decamethylcyclopentasiloxane, 8.0 parts by weight of P-17-50 prepared in Example 3, 
and 2.0 parts by weight of isopropyl myristate were stirred and dissolved at 70 to 80°C. In the resulting mixture were 

25 dispersed 25 parts by weight of kaolin, 15.0 parts by weight of titanium dioxide, and red iron oxide. After deaeration, 
to the mixture were added flavoring agents in suitable amounts to provide a cosmetic product for skin. 
[0180] The skin cosmetic product thus obtained was applied to filter paper impregnated with water or squalene, and 
a dried nylon plate was pressed against the filter paper and vertically shook 1 0 times. In terms of the density of color, 
the degree of transference of the skin cosmetic product from the filter paper to the nylon plate after shaking was visually 

30 examined by a panel of 10 people. The results are shown in Table 7. 

[0181] The evaluation was made as follows: no transference: 1 point; slightly transferred: 2 points; considerably 
transferred: 3 points. The degree of transference was expressed by the average value of evaluation by all of the panels. 
Moreover, the sunburn protecting effect of the skin cosmetic product obtained was evaluated by the SPF (Sun Protection 
Factor) method employing an animal. That is, the skin cosmetic product was applied to, in an amount of 2 u-l/cm 2 , a 

35 guinea pig the back of which had been depilated using a depilatory cream. After 15 minutes, the cosmetic product- 
applied area was irradiated with ultraviolet rays using an ultraviolet lamp (manufactured by Toshiba Corp., Model: FL- 
SE). At the point of time where 24 hours had past since the irradiation, erythemas developed in the cosmetic product- 
applied area and the cosmetic product non-applied area were observed, and the minimal ultraviolet radiation dosage 
required to produce slight erythema was found out. SPF was figured out from the minimal ultraviolet ray dosage in 

40 accordance with the following equation. The results are shown in Table 8. SPF = (the minimal ultraviolet radiation 
dosage required to cause the skin to develop etythema in the cosmetic product-applied area)/(the minimal ultraviolet 
radiation dosage required to cause the skin to develop erythema in the cosmetic product non-applied area) 

Comparative Example 2 

45 

[0182] 4.0 parts by weight of microcrystalline wax, 3.0 parts by weight of liquid paraffin, 1 .0 part by weight of sorbitan 
sesquioleate, 47.0 parts by weight of decamethylcyclopentasiloxane, and 2.0 parts by weight of isopropyl myristate 
were stirred and dissolved at 70 to 80°C. In the resulting mixture were dispersed 25 parts by weight of kaolin, 15.0 
parts by weight of titanium oxide, and red iron oxide. After deaeration, to the mixture were added flavor agents in 
so suitable amounts to provide a cosmetic product for skin. The degree of transference and the sunburn protection effect 
of the skin cosmetic product thus obtained were evaluated in the same manner as in Example 20. The results of the 
transferance test and the sunburn protection effect test are shown in Table 7 and Table 8, respectively. 

Example 21 

55 

[0183] 20.0 parts by weight of dimethylpolysiloxane (0.65 cSt), 44.0 parts by weight of dimethylpolysiloxane (2.0 
cSt), 15.0 parts by weight of P-17-80 prepared in Example 4, and 5.0 parts by weight of (Ch^SiO/SiCV (CH 3 ) 2 SiO 
= 2.4/1 .6/1 .0 (molar ratio) were stirred and dissolved at 70 to 80°C. 6.0 parts by weight of glycerol triisostearate and 
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10 parts by weight of roller-processed Red No. 226 were added to the resulting mixture and dispersed therein. After 
deaeration, to the dispersion were added flavor agents in suitable amounts to prepare liquid rouge. The degree of 
transference of the liquid rouge thus obtained was examined in the same manner as in Example 20. The results are 
shown in Table 7. 



10 



15 



20 



25 



30 



35 



Comparative Example 3 

[0184] 20.0 parts by weight of dimethylpoiysiloxane (0.65 cSt), 44.0 parts by weight of dimethylpolysiloxane (2.0 
cSt) t 15.0 parts by weight of high-molecular weight dimethylpolysiloxane, and 5.0 parts by weight of (Ch^SiO/SiO^ 
(CH 3 ) 2 SiO = 2.4/1.6/1 .0 (molar ratio) were stirred and dissolved at 70 to 80°C. 6.0 parts by weight of glycerol triiso- 
stearate and 10.0 parts by weight of roller-processed Red No. 226 were added to the resulting mixture and dispersed 
therein. After deaeration, to the dispersion were added suitable amounts of flavor agents to prepare liquid rouge. The 
degree of transference of the rouge thus obtained was examined in the same manner as in Example 20. The results 
are shown in Table 7. 

Table 7 





Water 


Squalene 


Example 20 


0:8 points 


0.8 points 


Comp. Example 2 


2.0 points 


3.0 points 


Example 21 


0.7 points 


0.8 points 


Comp. Example 3 


1 .5 points 


1.8 points 



Table 8 





SPF 


Example 20 


20.5 


Comp. Example 2 


8.3 



[0185] From the results shown in Table 7, it can be seen that both the skin cosmetic product of Example 20 and the 
rouge of Example 21 are superior in water resistance and oil resistance to those in Comparative Examples. Moreover, 
all of the products of Examples felt refreshing on the skin than those of Comparative Examples. From the results shown 
in Table 8, it was found that the skin cosmetic product of Example 20 was much excellent in ultraviolet ray blocking 
properties than that of Comparative Example 2. 



40 



45 



Example 22 

[0186] 25 g of P-17-50 prepared in Example 3, 0.3 g of a nonionic urethane-associated thickener (manufactured by 
Servo Delden B.V., SER AD FX 1 1 00), 1 g of a pigment, and 73.7 g of water were mixed togetherto provide nail varnish. 
[0187] The nail varnish thus obtained was highly water-resistant, and the coating layer obtained by applying the 
varnish onto nail was not cracked and kept its perfect condition even when subjected to stirring in water for 1 hour. 
The coat obtained did not peel off and properly adhered to the keratin in the nail without tackiness, proving resistant 
to scratching. Accordingly, this nail varnish can readily be applied onto the nail and exhibit a significantly good gloss 
and durability. 



50 



55 



Example 23 

[0188] 11 .8 g of triethanolamine stearate, 5 g of bee wax, 3 g of camauba wax, and 1 g of paraffin were mixed 
together, heated up to 85°C, and admixed with 5 g of black iron oxide to give a mixture. Then, 2 g of gum arabi and 
1 .2 g of hydroxyethylcellulose (manufactured by Amercol, Cellosize QP) were added to 46 g of pharmaceutical water 
heated to 85° C. While treating with a homogenizer, to the resulting mixture was added the mixture first prepared, 
followed by cooling to 30°C. Lastly, 25 g of P-17-70 prepared in Example 1 was added to the mixture and stirred to 
provide a mascara composition. 
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Example 24 

[0189] A shampoo was prepared from 5 g of P-1 7-70 prepared in Example 1 , 1 5 g of sodium laurylether sulfate, 3 
g of a 32% aqueous solution of cocoylbetaine (manufactured by Chimex, Chimexane HC), trace amounts of a flavor 
5 agent and a preservative, and 77 g of water. 

Example 25 

[0190] A hair styling lotion was prepared from 5 g of P-1 7-70 prepared in Example 1 , trace amounts of a flavor agent, 
io a dye, and a preservative, and 95 g of water. Application of this lotion to the shampooed hair gave a good shape- 
retention capability thereto, and the hair became excellently glossy. 

Example 26 

15 [0191] A hairspray liquid was prepared from 3 g of P-1 7-70 prepared in Example 1 , trace amounts of aflavor agent, 
a dye, and a preservative, and 97 g of water. The hair spray liquid was charged into a pump flask and then sprayed 
over hair. The hair was given a good shape-retention capability and became excellently glossy. 

Example 27 

20 

[0192] As can be seen from Figure 7, the P-1 7-70 film fabricated in Example 15 shows excellent transparency in a 
wavelength region longer than 380 nm, so that it is useful for the core layer of an optical fiber. The refractive index of 
the film, measured at 25° C using the sodium D line, was found to be 1.49. Further, using P-1 7-70 prepared in Example 
1 , a 80 u,m-thick film was formed on fused quartz glass according to the casting method. The propagation loss of the 
25 film, measured using a He-Ne-laser beam (wavelength = 632.8 nm), was found to be 0.8 dB/cm. The results obtained 
above prove that the film is excellent in optical characteristics and useful as an optical fiber material. 

Example 28 

30 [0193] 0.005 mol of 3,4'-DAPE, 0.0025 mol (molecular weight: 1,680) of PDMS-dNH 2 , and0.015moi of triethylamine 
were dissolved in 25 ml of a reaction solvent (DMAc:THF = 1 :2) to prepare a reaction solution (a). 0.0075 mol of IPC 
was dissolved in 25 ml of the same reaction solvent to prepare a reaction solution (b). 0.00075 mol of IPC was dissolved 
in 1 ml of the same reaction solvent to prepare a reaction solution (c). 0.0008 ml of ethanol was dissolved in 1 ml of 
the same reaction solvent to prepare a reaction solution (d). 

35 [0194] The reaction solution (a) was poured into aflask, andthe reaction solution (b) into a dropping funnel equipped 
with a cooling medium system. With the dropping funnel and the flask kept at 0°C by a cooling medium, the reaction 
solution (b) was added to the reaction solution (a) dropwise with stirring. After 1 hour, to the resulting mixture was 
added the reaction solution (c). After another 5 minutes, 0.0015 mol of triethylamine was added. At the point of time 
where another 5 minutes had passed, to the mixture was added the reaction solution (d). Then, the cooling bath was 

40 taken away and the mixture was kept stirred for another 50 minutes. 

[0195] The solution thus obtained was filtered through 5C filter paper, and the polymer solution obtained was sub- 
jected to reprecipitation using 1 L of purified water. A precipitate was taken out of the solution, dried at 60°C overnight, 
re-dissolved in 60 g of THF, and subjected to reprecipitation again using 1 L of a solution [purified watenmethanol = 
1:1 (volume ratio)]. 

45 [0196] The precipitate obtained was dried again at 60° overnight, re-dissolved in 50 g of THF, and filtered by a 
pressure filter equipped with a 0.5 ^inn-membrane filter made of polytetrafluoroethylene. Further, the solution was sub- 
jected to reprecipitation in 1 L of a solution (purified water :methanol =1:1 (volume ratio)), dried at 60°C overnight, and 
dried at 120°C for 4 hours to provide a polydimethylsiloxane/polyamide copolymer (hereinafter, abbreviated as PAS). 

so Example 29 

[0197] A spacer for pressing (a 500 u.m-thick metal piece with a hole of 5 cm x 5 cm) was placed on an aluminum 
pressing sheet washed with acetone. Inside the hole of the spacer, 1 .25 to 1 .40 g of PAS prepared in Example 28 was 
placed, and the hole was covered with the washed aluminum sheet. This test sample was set on the stage of a presser 
55 (manufactured by Toyo Seiki Seisaku-sho, Ltd., trade name "Mini Test Press-10") and allowed to stand at 200°C for 
10 minutes. Then, with the temperature kept at 200°C, a pressure of 10 MPa was applied to the test sample. After 
having been allowed to stand for 1 0 minutes, the test sample was cooled to room temperature. With a cutter, the PAS 
sheet thus obtained was cut into pieces of 15 mm x 50 mm to prepare PAS test pieces that would be subjected to a 
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variety of surface treatments. 
Example 30 

5 [0198] One of the PAS test pieces prepared in Example 29 was hung within a 50-ml sample tube, and 90% of the 
mouth of the sample tube was closed by utilizing an inner lid. Oxygen was supplied to an ozone generator (manuf actu red 
by Nippon Ozone Co., Ltd., Model: 0-3-2.) at a rate of 0.3 Lymin. and ozone was generated under the condition of 100 
V. The ozone generated by the generator was introduced to the aforementioned sample tube through a tube made of 
vinyl chloride. Under normal pressure, ozone treatment was carried out at an ordinary temperature and pressure for 

10 30 minutes to prepare an ozone-treated PAS test piece. 

Example 31 

[0199] One of the PAS test pieces prepared in Example 29 was attached to a Teflon sheet (thickness: 0.2 mm, 
15 approximately 20 cm x 20 cm) via a double-faced adhesive tape. Each sheet was placed on the belt conveyer of a 
corona discharge treatment device (manufactured by Kasuga Denki, K.K., Model: AGI-021S) to perform corona dis- 
charge treatment on the PAS test pieces for preparing a corona discharge-treated PAS test piece. The speed of the 
belt conveyer was set a 74.1 mm/s, and the treatment was carried out 5 times at a discharging output of 1 50 W, and 
one time at 300 W. 

20 

Example 32 

[0200] One of the PAS test pieces prepared in Example 29 was placed within an atmospheric pressure plasma 
treatment device, and helium gas was passed therethrough for 15 minutes. Then, the test piece was irradiated with 
25 helium plasma for 5 minutes under the conditions of 1 .6 kV and 20 kHz, to prepare an ambient pressure plasma-treated 
PAS test piece. 

Example 33 

30 [0201 ] The ambient pressure plasma-treated PAS test piece prepared in Example 32 was immersed in polyethylene 
glycol (Mw = 200, OH-terminated) (hereinafter, abbreviated as PEG) for 10 minutes and brought into contact with 
helium gas for 1 0 to 20 minutes. The test piece was immersed in PEG heated up to 110°C again and, with helium gas 
kept flowing at a rate of 3,000 sec/cm 3 , the test piece was irradiated with plasma for 5 minutes under the conditions 
of 1 .6 kV and 20 kHz. Further, helium gas was passed for another 5 minutes to prepare a PEG-treated PAS test piece. 

35 

Example 34 

[0202] The PAS test piece prepared in Example 29 was placed on the electrode of a plasma treatment device (man- 
ufactured by SAMCO, Model: PD-2), and air was supplied in an amount such that the pressure became 0.1 Torr. Plasma 
40 was generated by applying a high-frequency voltage at 50W for 10 minutes, and the test piece was plasma-treated, 
to prepare a reduced pressure plasma-treated PAS test piece. 

Example 35 

45 [0203] The PAS test piece prepared in Example 29 was immersed in a 5% aqueous solution of MPC-SMA copolymer 
(compositional molar ratio: 9:1 , molecular weight: 1 00,000) (hereinafter, abbreviated as PMS) at room temperature for 
3 hours and naturally dried to prepare a PMS-absorbed PAS test piece. The test piece was not rinsed. 

Example 36 

so 

[0204] The test piece prepared in Example 29 was placed on a hot plate heated up to 1 00°C. A glass sprayer for 
TLC dyeing was connected to a compressor. A 5 wt.% ethanol solution of MPC-BMA copolymer (compositional molar 
ratio: 3:7, molecular weight: 280, 000) (hereinafter, abbreviated as PMB) was sprayed over the test piece for about 30 
seconds, to prepare a PMB-coated PAS test piece. 

55 

Example 37 



[0205] MPC-allylamine (compositional molar ratio: 99:1 , Mw: 1 ,000,000, Mw/Mn = 5.7) (hereinafter, abbreviated as 
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PMA) was dissolved in 40 ml of water. The pH of the resulting mixture was adjusted to about 4 with the use of 0.1 N- 
HCI, followed by the addition of a water-soluble carbodimide in an amount 1 0 times the molar quantity of the amine in 
the PMA added. Thereafter, three reduced pressure plasma-treated PAS test pieces were put in the solution and 
allowed to stand overnight. These test pieces were rinsed with portions of approximately 50 ml of purified water 10 
5 times and naturally dried to prepare PMA-fixed PAS test pieces. 

Reference Example 1 

[0206] The treated PAS test pieces prepared in Examples 29 to 37 were subjected to X-ray photoelectron spectro- 
10 scopic examination (XPS) by a ESCA-3300 manufactured by Shimadzu Corp. The measurement was carried out under 
standard conditions with 8 times of accumulation. The results are shown in Table 9. 



Table 9 



15 



25 







C1 (iso 


C1 (1S 2 ) 


C1 (1S 3 ) 


N0S,) 


oos^ 


Si(2P) 


P(2P) 


Ex. 29 


RUN 1 


47.46 


7.11 


1.66 


1.77 


20.23 


21.76 


Not measured 




RUN 2 


47.68 


6.68 


1.70 


1.43 


20.55 


21.96 


Not measured 


Ex.30 


RUN 1 


39.23 


10.35 


2.79 


1.62 


23.30 


22.60 


0.10 


Ex. 31 


RUN 1 


32.36 


5.72 


1.21 


1.04 


32.58 


27.08 


0.02 




RUN 2 


33.35 


4.89 


2.15 


0.92 


32.46 


26.24 


0.00 


Ex.32 


RUN 1 


39.89 


6.70 


1.11 


1.68 


28.21 


22.40 


Not measured 




RUN 2 


35.74 


8.44 


2.62 


1.56 


28.26 


23.38 


Not measured 


Ex. 33 


RUN 1 


26.70 


12.47 


0.24 


0.70 


35.26 


24.64 


Not measured 




RUN 2 


28.69 


12.68 


1.46 


0.67 


34.54 


21.96 


Not measured 


Ex. 34 


RUN 1 


17.85 


12.06 


9.42 


5.70 


41.08 


13.88 


Not measured 




RUN 2 


26.14 


10.93 


5.89 


3.70 


35.12 


18.22 


Not measured 


Ex. 35 


RUN 1 


40.96 


10.71 


3.29 


1.53 


21.49 


21.78 


0.23 




RUN 2 


43.17 


10.26 


1.36 


1.52 


21.48 


21.93 


0.27 


Ex. 36 


RUN 1 


45.21 


15.23 


4.62 


1.26 


21.83 


10.30 


1.54 




RUN 2 


40.28 


18.66 


2.92 


1.65 


22.02 


13.28 


1.20 


Ex. 37 


RUN 1 


32.65 


14.44 


0.51 


0.75 


27.73 


22.97 


0.94 




RUN 2 


37.03 


9.31 


0.51 


0.56 


27.09 


24.69 


0.82 



40 

[0207] The results confirmed that the chemical composition of the surface of the PAS test piece was modified by the 
treatments. Particularly, it was found that coating of the test piece with the MPC polymer results in appearance of the 
phosphorus atoms due to MPC on the surface, and reduction of the amount of the nitrogen atoms due to PAS. 

45 Reference Example 2 

[0208] For each of the PAS test pieces treated in Examples 29 to 37, the dynamic contact angle was measured using 
a DCA-20 manufactured by Orientec Co. , Ltd. The measurement was conducted under the conditions of an immersion 
rate of 10 mm/min., an immersion length of 30 mm, and a temperature of 25°C. 

so [0209] The charts obtained included straightly-lined ones and jaggy-lined ones. The variety of lines may be due to 
difference in reliability of data. Therefore, the reliability of the data was graded by the following criteria. Straightly-lined: 
O, Jaggy-lined: x, and Intermediate: A. Together with the dynamic contact angles, the results are shown in Table 10. 
In jaggy-lined charts, the contact angle was figured out utilizing a straightly-lined part. In the table, 0 A represents the 
angle of advance, 9 R represents the angle of sweepback, and AG represents the difference between the angle of 

55 advance and the angle of sweepback. 
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Table 10 







Reliability 


e a 


9 R 


A9 


Ex. 29 


RUN 1 


O 


105 


76 


29 




RUN 2 


O 


105 


75 


30 


Ex. 30 


RUN 1 


O 


115 


49 


66 




RUN 2 


O 


108 


51 


56 


Ex. 31 


RUN 1 


A 


92 


61 


32 




RUN 2 


A 


98 


63 


35 


Ex. 32 


RUN 1 


O 


98 


66 


32 




RUN 2 


o 


101 


77 


25 


Ex. 33 


RUN 1 


A 


62 


42 


21 




RUN 2 


A 


62 


41 


21 


Ex. 34 


RUN 1 


o 


57 


42 


15 




RUN 2 


A 


49 


38 


11 


Ex. 35 


RUN 1 


O 


104 


49 


55 




RUN 2 


o 


100 


52 


48 


Ex. 36 


RUN 1 


o 


106 


25 


81 




RUN 2 


o 


106 


51 


56 


Ex. 37 


RUN 1 


OA 


33 


27 


6 




RUN 2 


OA 


52 


28 


24 



[0210] As a result, the contact angle of the materials with water was changed by any of the surface treatment, indi- 
cating that the composition of the surface underwent certain changes. 

Reference Example 3 

[0211] To each of the treated PAS test pieces prepared in Example 31 (treatment II), Example 36, and Example 37 
was applied a sufficient amount of a liquid dishwashing detergent (trade name Family Fresh, manufactured by Kao 
Corporation), and each piece was strongly rubbed with a thumb and an index finger. Thereafter, each test piece was 
washed with tap water, rinsed with purified water, and dried to give a sample which had been abrasively washed with 
a detergent. The dynamic contact angle of each of the washed samples thus obtained was determined in the same 
manner as in Reference Example 2 to evaluate its wettability. The results are shown in Table 11 . 



Table 11 







Reliability 


e a 


6 R 


A0 


Example 31 


RUN 1 


OA 


107 


71 


35 




RUN 2 


OA 


104 


79 


25 


Example 36 


RUN 1 


O 


103 


47 


57 


Example 37 


RUN 1 


A 


66 


3 8 


2 8 



[0212] As seen from Table 1 1 , the contact angle of the test piece of Example 30 was increased, i.e., the hydrophilicity 
thereof was decreased. However, the test pieces of Examples 36 and 37 keeps the contact angle to the same extent 
as the pre-washed samples, regardless of the fact that they underwent a severe treatment. As to the MPC polymer 
absorbed by the test piece, it has been known that, even without rubbing, MPC polymer is peeled off by being immersed 
in sodium dodecyl sulfate, a surfactant. Accordingly, the test pieces of Examples 36 and 37 were found to be coated 
with the MPC polymer with considerably high durability. 
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Example 38 

[0213] 3,4'-DAPE (0.005 mol), 4.20 g (0.0025 mol) of PDMS-NH 2 (Mw: 1,680), and 1.52 g (0.0015 mol) of triethyl- 
amine were weighed out, put in a 110-ml screw tube, dissolved in 25 ml of a mixed solvent of DMAc and THF (1 :2), 

5 and kept under ice cooling. 1 .52 g (0.0075 mol) of IPC was weighed out, put in another container, dissolved in 25 ml 
of a mixed solvent of DMAc and THF (1 :2), poured into the screw tube mentioned above, and stirred for 30 minutes. 
The temperature of the resulting mixture was brought back to room temperature and the mixture was stirred for another 
30 minutes. The mixture was admixed with 59 mg (0.00075 mol) of acetyl chloride and 76 mg (0.00075 mol) of triethyl- 
amine and stirred for 30 minutes. After having been admixed with 35 mg (0.00075 mol) of ethanol, the mixture was 

10 stirred for 30 minutes. Then, the mixture was twice subjected to reprecipitation from 1 L of water twice, and the PAS 
thus obtained was vacuum-dried to give a polymer. 

[0214] The yield was calculated by measuring the dry weight of the polymer obtained. 

[0215] The molecular weight was determined using a GPC device. The concentration of the sample was set at ap- 
proximately 4 mg/ml, 20u.l of which was injected per shot. Employed as the eluent was a solvent prepared by adding 

15 10 mmol of lithium chloride to a mixture of DMAc and MEK [3:10 (volume ratio)]. As the columns for the GPC device, 
two Mixed-B manufactured by PL Laboratories were employed. Using PEG as the reference material, the determination 
of molecular weight was carried out under the conditions of 40°C and a flow rate of 1 .00 ml/min. 
[0216] Further, 0.4 g of the polymer obtained was pressed under the conditions of 180°C and 10 MPa. The trans- 
parency of the film thus obtained was visually examined and graded by the following criteria: Highly transparent: O, 

20 Cloudy and not transparent: x , slightly cloudy but substantially transparent: A. The degree of yellowing (color change) 
of the hot-pressed film after one month was visually examined and graded by the following criteria: No yellowing ob- 
served: O, Yellowing observed: x. The results are shown in Table 12. 

Examples 39 to 50 

25 

[0217] Except that the polymerization solvent was changed to a solvent specified in Table 12, a copolymer and a 
hot-pressed film were prepared and evaluated in the same manner as in Example 38. The results are shown in Table 1 2. 

Comparative Example 4 

30 

[0218] 100.12 g (0.5 mol) of 3,4'-DAPE, 161.02 g (1.2 mol) of tri ethyl amine hydrochloride, and 101.19 g (1 mol) of 
triethylamine were dissolved in 21 30.49 g of chloroform. Under ice cooling, to the solution thus obtained was added a 
solution prepared by dissolving 152.265 g (0.75 mol) of IPC in 2498.7 g of chloroform, and the mixture was stirred for 
1 hour. Thereafter, to the mixture was added a solution prepared by dissolving 420 g (0.25 mol) of PDMS-NH 2 (Mw: 
35 1,680) and 50.595 g (0.5 mol) of triethylamine in 1332.96g of chloroform, and the resulting mixture was stirred for 
another 1 hour. The mixture was twice subjected to reprecipitation from 30 L of a mixed solvent of methanol and ethanol, 
and PAS thus obtained was vacuum-dried to give a polymer. A hot-pressed film was made from the polymer and 
evaluated in the same manner as in Example 38. The results are shown in Table 12. 

40 Table 12 





Solvent 
(Ratio) 


Yield (%) 


Molecular weight 
measurement (GPC) 


Hot pressed film 


MwxIO 4 


Mw/Mn 


Moldability 


Transparency 


Yellowing 


Ex. 38 


DMAc/ THF 
(1/2) 


83 


3.36 


2.37 


O 


A 


O 


Ex. 39 


CH 3 CN/THF 
(1/2) 


90 


5.61 


1.91 


O 


A 


O 


Ex. 40 


CH 3 CN/ 
diglyme (1/2) 


83 


4.31 


1.85 


O 


O 


O 


Ex. 41 


CH 3 CN/ 
dioxane (1/2) 


71 


3.50 


1.70 


O 


A 


O 


Ex. 42 


DMAC/ THF 
(1/9) 


100 


2.84 


2.09 


A 


O 


O 
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Table 12 (continued) 



15 





Solvent 
(Ratio) 


Yield (%) 


Molecular weight 
measurement (GPC) 


Hot pressed film 


MwxiO 4 


Mw/Mn 


Moldability 


Transparency 


Yellowing 


Ex. 43 


DM AC/ THF 
(1/4) 


97 


2.90 


2.32 


A 


O 


O 


Ex. 44 


DMAc/THF 
(1/2) 


94 


2.42 


2.86 


O 


O 


O 


Ex. 45 


DM Ac/ THF 
(1/1) 


92 


1.97 


2.02 


O 


O 


O 


Ex. 46 


DM Ac/ DME 
(1/2) 


94 


2.17 


1.93 


O 


O 


O 


Ex. 47 


DM Ac/ 
diglyme (1/2) 


76 


2.48 


1.91 


A 


A 


O 


Ex. 48 


DM Ac/ 
dioxane (1/2) 


90 


2.00 


2.21 


A 


A 


O 


Ex. 49 


CH 3 CN/ THF 

/ 4 /OX 

(1/2) 


99 


2.68 


2.20 


O 


O 


O 


Ex. 50 


CH 3 CN/THF 
(1/2) 


91 


4.23 


2.72 


O 


A 


O 


Comp. Ex. 
4 


chloroform/ 

triethylamine 

hydrochloride 


53.2 


15.9 


3.54 


X 


X 


X 



30 

Claims 

1 . A polydialkylsiloxane/polyamide copolymer obtained by polymerizing 

35 an amino compound represented by the formula (1) having amino groups at both ends and a dialkylsiloxane 

chain: 

H 2 N-R 1 -(Si(R 2 ) (R 3 )-<D)n 1 -Si(R 2 ) (R 3 )-R 1 -NH 2 (1) 

40 

wherein R 1 represents a divalent organic group having 1 to 10 carbon atoms, R 2 and R 3 are the same or 
different, each representing an organic group having 1 to 7 carbon atoms, andn 1 denotes an integer of 5 to 200, 
a diamino compound represented by the formula (2): 

45 H 2 N-A 1 -NH 2 (2) 



wherein A 1 represents a divalent organic group having 1 to 20 carbon atoms, 
and a dicarboxylic acid chloride represented by the formula (3) : 

50 



CICO-B-COCI (3) 



wherein B represents a divalent organic group having 1 to 20 carbon atoms 

to give a polydialkylsiloxane/polyamide copolymer (A) containing amino groups at the ends thereof and having the 
ratio of -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 -to -A 1 - within the range of 1 :0. 01 - 1 00, and reacting the copolymer 
(A) thus obtained with an acyl chloride having 2 to 8 carbon atoms. 
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The polydialkylsiloxane/polyamide copolymer according to claim 1, wherein the polymerization reaction of the 
amino compound represented by the formula (1 ), the diamino compound represented by the formula (2), and the 
dicarboxylic acid chloride represented by the formula (3) is performed in a solvent selected from the group con- 
sisting of dimethylformamide, dimethylacetamide, tetrahydrofuran, dioxane, acetonitrile, dimethoxyethane, ace- 
tone, methyl ethyl ketone, diglyme, methyl acetate, ethyl acetate, and mixtures thereof at a temperature of from 
-80°C to 60°C, and wherein the resulting polymer after reaction with the acyl chloride having 2 to 8 carbon atoms 
is purified using a solution selected from the group consisting of alcohols having 1 to 8 carbon atoms, water, and 
mixtures thereof. 

A polydialkylsiloxane/polyamide copolymer obtained by polymerizing an amino compound represented by the for- 
mula (1) having amino groups at both ends and a dialkylsiloxane chain, a diamino compound represented by the 
formula (2), and a dicarboxylic acid chloride represented by the formula (3) to give a polydialkylsiloxane/polyamide 
copolymer (A) containing amino groups at the end thereof and having the ratio of -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) 
(R 3 )-R 1 - to -A 1 - within the range of 1 :0.01 — 100 , reacting the copolymer (A) thus obtained with a dicarboxylic 
acid chloride represented by the formula (3), and then with a compound selected from the group consisting of a 
monovalent hydroxyl group-containing compound having 1 to 8 carbon atoms, a monovalent amino group-con- 
taining compound having 1 to 8 carbon atoms, and mixtures thereof. 

The polydialkylsiloxane/polyamide copolymer according to claim 3, wherein the amino compound represented by 
the formula (1), the diamino compound represented by the formula (2), and the dicarboxylic acid chloride repre- 
sented by the formula (3) are reacted for polymerization in a solvent selected from the group consisting of dimeth- 
ylformamide, dimethylacetamide, tetrahydrofuran, dioxane, acetonitrile, dimethoxyethane, acetone, methyl ethyl 
ketone, diglyme, methyl acetate, ethyl acetate, and mixtures thereof at a temperature of from -80°C to 60°C, and 
wherein the resulting polymer after reaction with a compound selected from the group consisting of those having 
a monovalent hydroxyl group or a monovalent amino group-containing compound having 1 to 8 carbon atoms is 
purified using a solution selected from the group consisting of alcohols having 1 to 8 carbon atoms, water, and 
mixtures thereof. 

A polydialkylsiloxane/polyamide copolymer represented by a main chain represented by the formula (4), a terminal 
represented by the formula (5) and another terminal represented by the formula (6): 

- (NH-A-NHCO-B-CO) m - (4) 



-NH-A-NH-X 2 (5) 

-X 1 (6) 

wherein X 1 and X 2 represent -COR 4 , -CO-B-COR 5 (where R 4 represents an organic group having 1 to 7 carbon 
atoms, R 5 represents hydroxyl group, -OR 6 , or -NHR 6 (where R 6 represents an organic group having 1 to 7 
carbon atoms) and B represents a divalent organic group having 1 to 20 carbon atoms) or hydrogen atom; A 
represents -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - (where R 1 represents a divalent organic group having 1 to 
10 carbon atoms, R 2 and R 3 are the same or different, each representing an organic group having 1 to 7 
carbon atoms, and n 1 denotes an integer of 5 to 200) or a divalent organic group having 1 to 20 carbon atoms; 
B represents a divalent organic group having 1 to 20 carbon atoms; and m denotes an integer of 5 to 200, 
wherein the ratio of -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - as A to the divalent organic group having 1 to 20 
carbon atoms as A is within the range of 1 :0.01 ~ 1 00, and the proportion of X1 and X 2 being hydrogen atoms 
is 10% or less relative to all the end groups in the resulting copolymer. 

A process for producing a polydialkylsiloxane/polyamide copolymer according to claim 5 wherein, after the copol- 
ymer (A) represented by the main chain represented by the formula (4), a terminal represented by the formula (5) 
and another terminal represented by the formula (6) in which the ratio of -R 1 -(Si(R 2 ) (R 3 )-0)n 1 -Si(R 2 ) (R 3 )-R 1 - as 
A to the divalent organic group having 1 to 20 carbon atoms as A is within the range of 1 :0.01 ~ 100 is obtained, 
the following step (I) or (II) is carried out: 
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the step (I) in which the copolymer (A) is reacted with an acyl chloride having 2 to 8 carbon atoms to alkylam- 
idate hydrogen atoms represented by X 1 and X 2 in the copolymer (A) so that the proportion of X 1 and X 2 being 
hydrogen atoms is 10% or less relative to all the end groups, or 

the step (II) in which the copolymer (A) is reacted with a dicarboxylic acid chloride represented by the formula 
5 (3) and then with a compound selected from the group consisting of a monovalent hydroxy! group-containing 

compound having 1 to 8 carbon atoms, a monovalent amino group-containing compound having 1 to 8 carbon 
atoms, and mixtures thereof so that, in the copolymer, the proportion of X 1 and X 2 being hydrogen atoms is 
1 0% or less, is carried out. 

10 7. A molded article obtained by molding a material for molding containing at least one kind of the polydialkylsiloxane/ 
polyamide copolymers according to claim 1 , 3, or 5. 

8. The molded article according to claim 7, wherein said molding is heat-molding, and wherein a solvent that had 
been contained in the material for molding has been substantially eliminated. 

15 

9. The molded article according to claim 7, which is obtained by, after molding, forming crosslinking by energy beam 
irradiation. 

10. The molded article according to claim 7, which is obtained by, after molding, modifying a surface thereof chemically. 

20 

1 1 . The molded article according to claim 7, wherein the surface thereof is provided with, after molding, a membrane 
containing a copolymer in which the ratio of a hydrophilic monomer unit to a hydrophobic monomer unit is 1 :0.01 
~ 100. 



25 12. The molded article according to claim 7, wherein the surface thereof is, after molding, tightly fixed to a molded 
article containing a copolymer in which the ratio of a hydrophilic monomer unit to a hydrophobic monomer unit is 
1:0.01 — 100 and combined into one piece. 



30 



35 



13. An ophthalmic material comprising a molded article according to claim 7. 

14. A medical material comprising a molded article according to claim 7. 

15. A cosmetic composition comprising one or more of the polydialkylsiloxane/polyamide copolymer claimed in claim 
1 and the molded article according to claim 7. 

16. An electronic material comprising one or more of the polydialkylsiloxane/polyamide copolymer according to claim 
1 and the molded article according to claim 7. 



40 



45 



50 



55 



EP1 116 740 A1 




(%) W§!3M 



EP1 116 740 A1 




(%) SS01 4MSI9M 



EP 1 116 740 A1 




EP1 116 740 A1 




EP 1 116 740 A1 




EP1 116 740 A1 




S 



EP 1 116 740 A1 




EP 1 116 740 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/04388 



A. CLASSIFICATION OF SUBJECT MATTER 
Int . CI 6 C08G69/42 , A61K7/00 



According to International Patent Classification (IPC) or to both national classification and IPC^ 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl 6 C08G69/00-69/50.A61K.7/00-7/50 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CA(STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP, 8-59826, A (Mitsui Toatsu Chemicals Inc.), 

05 March, 1996 (05.03.96), 

Claim; page 5, column 8, line 23 to page 6, column 9, 
line 24 (Family: none) 

JP, 62-223228, A (Sumitomo Bakelite Company, Limited. ), 

01 October, 1987 (01.10.87), 

Claim; page 4, upper right column, lines 19-20, 
(Family: none) 

JP, 2-269122 , A(Dow Corning Corporation), 

02 November, 1990 (02.11.90), 
Claim, 

6 EP, 377447, A2 



Relevant to claim No. 



1-16 



1-16 



1-16 



[""*" | Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents; 

"A" documenl defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

'F 1 document published prior to the international filing date but later 
than tbe priority date claimed 



"T" later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
documenl member of the same patent family 



Date of the actual completion of the international search 
09 November, 1999 (09.11.99) 



Date of mailing of the international search report 

24 November, 1999 (24.11.99) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 
Telephone No. 



Form PCT/IS A/210 (second sheet) (July 1992) 



